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ABSTRACT
A study of wood duck (Aix sponsa) populations in 
eastern North America was initiated in 1970 to improve 
management capabilities of this waterfowl resource. Empha­
sis was placed on identification of breeding populations, 
analysis of each population by examination of banding and 
harvest data, and documentation of trends in forest 
acreages important to wood ducks.
Sources of information were banding, recovery, and
harvest-survey records collected by the U.S. Fish and Wild- *
life Service during the 1950 through 1968 hunting seasons. 
Acreage trends of six forest types judged important to wood 
ducks were obtained from 1963 and 1971 governmental forest 
surveys. Different populations {reference areas) were 
identified by plotting the geographic recovery locations of 
143,285 banded wood ducks. Population indices were de­
rived from (1) subjective forest-value rating schemes, (2) 
mathematical estimates (simultaneous equations), and (3) 
U.S. Fish and Wildlife Service population models.
Six summer reference areas were identified. Wood 
ducks native to each area differed in abundance, hunting 
pressure, and often survival. Banding data were insuffi­
cient for studying two wintering areas. One-half of the 
Eastern population (3.3 million birds) inhabited reference
xvi
areas of the Mississippi Flyway, one-third was apportioned 
to Atlantic Flyway areas, and the remaining were in eastern 
Canada. A few key states, when combined, possessed more 
than 50 percent of the Eastern population.
Most of the 0.5 million annually harvested wood ducks 
were bagged in the Mississippi Flyway (48 - 55 percent), 
Atlantic Flyway (26 - 40 percent), and eastern Canada (10 - 
17 percent). A few key states accounted tor 70 percent of 
each flyway harvest. The northern harvest was derived 
largely from native wood ducks, and the interchange between 
northern populations was small. Few southern banded birds 
were harvested in northern regions, but the southern har­
vest was greatly augmented by northern migrants; only 40 
percent of the harvest was from native birds. Adult fe­
males and immatures of northern populations were more 
likely to be affected by October and November harvest regu­
lations; whereas, adult males were influenced by late- 
season harvest.
The southward migration of northern banded wood ducks 
exposed them to hunting pressures of several states, which 
resulted in high recovery rates. Southern populations had 
significantly lower recovery rates than their northern 
counterparts (p £ 0.01).
Adults had higher survival rates than immatures 
(p < .01), and adult male survival exceeded adult female
xvii
survival {p < 0.05). Survival rates for immatures did not 
differ (p > 0.05). Populations above 42° north latitude 
had lower survival and higher recovery rates than popula­
tions below this line (p < 0.01). Although survival dif­
ferences between all populations could not be shown, dif­
ferences between northern and southern populations sug­
gested opportunities for increased hunting recreation in 
southern states.
Liberal hunting regulations were accompanied by in­
creases in hunting pressure and increases in proportion of 
wood duck populations bagged. The total number of October 
hunting days and the total number of flyway hunting days 
were directly related to hunting pressure exerted upon 
northern populations.
Productivity surpassed adult mortality, and wood duck 
numbers slightly increased during the 1960's; however, the 
forest habitat base decreased. Critical habitat losses 
occurred in southern states where nearly 7 million acres 
(2.8 million hectares) of floodplain forest were destroyed 
by draining and channelization.
Biological basis for flyway management of wood ducks 
is good; however, more intensive management would be possi 
ble if population units within flyways were recognized and 
considered during formulation of regulation guidelines. 
Improvements are needed in banding programs and govern­
mental surveys that estimate harvest and reporting rates.
xviii
Preliminary calculations indicate that 46 thousand wood 




The wood duck, Aix sponsa, is a prized waterfowl re­
source and is often judged the most beautiful of North 
American wildfowl. It is the only North American member of 
the tribe, Cairinini, that habitually uses tree cavities 
for nesting. The wood duck, unlike many North American 
dabbling ducks, is not dependent on Canadian marshlands for 
breeding habitat. Mallards (Anas platyrhynchos platyrhyn- 
chos), Northern pintails (Anas acuta acuta), green-winged 
teals (Anas crecca carolinensis) and most other river and 
pond ducks are ground nesters preferring the grasslike and 
prairie-land sites of Canada for nesting. The wood duck 
requires forests, and it is the only waterfowl species 
nesting in large numbers in tree cavities along wooded 
streams and swamps of the United States. The North Ameri­
can breeding range, closely paralleling the distribution of 
forest regions in the United States, is divided into east­
ern and western components (Figures 1 and 2).
Although wood ducks are now abundant, they were 
alarmingly scarce in the early 1900's when hunting seasons 
for this species were closed from 1919 to 1941. Wood ducks 
responded to restrictive regulations, and their current im­
portance to hunters is demonstrated by a harvest which has 
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more than 1.0 million in 1970 (Chamberlain et al. 1972). In 
1972, wood ducks ranked fourth in the total United States 
waterfowl harvest and second in the Atlantic and Mississippi 
Flyway harvests (Shroeder et al. 1974).
Previous Studies and Current Needs
Wood ducks have been the subject of much research on 
various aspects of their life history, but past studies 
have been limited to the ecology and management of local 
birds or segments of state-wide populations. For example, 
Grice and Rogers (1965) initiated a comprehensive life 
history study (1950 through 1956) for Massachusetts wood 
ducks. Information concerning migration, homing, nesting 
chronology, and effects of hunting was recorded. Another 
intensive local investigation of wood ducks was conducted 
by Decker (1959). His four-year study of a Pennsylvania 
marsh concentrated on nesting periods, brood development, 
and an analysis of heavy shooting pressure. Research by 
Leopold (1951) is another example of a valuable but restric­
tive examination of the nesting behavior and nest develop­
ment of wood ducks. His data relate to only a small seg­
ment of the wood ducks nesting in Iowa.
Much research has been devoted to developing methods 
of censusing wood ducks in their forest environment by 
direct and indirect techniques. Hein and Haugen (1966) 
recorded the results of observations on 768 flight periods 
of 52 wood duck roosts located along a 100-mile section of
5
the upper Mississippi River. They concluded that direct 
counting of birds at given roosts held promise as an esti­
mate for trends in wood duck numbers. Another comprehensive 
study concerning the feasibility of roost-flight counts as 
a censusing technique was conducted by Hester and Quay 
(1961) in North Carolina, but no concrete conclusions as to 
accuracy or statewide application were stated. Indirect 
methods to estimate wood duck levels have been explored by 
Kaczynski and Geis (1961). They analyzed banding and har­
vest survey data to obtain an estimate of 1961 population t 
levels for the entire eastern United States. Application 
of this indirect technique on a regional or reference-area 
basis was not explored.
Considerable data have also been gathered on wood 
duck usage of man-made nesting boxes. Bellrose et al.
(1964) identified box designs most desirable to wood ducks 
and documented success of these structures in timbered 
sections of Illinois. McLaughlin and Grice (1952) investi­
gated the effectiveness of large-scale wood duck box 
erection programs and concluded that they were an effective 
way of benefiting wood duck populations.
A recent symposium focused attention on types of re­
search currently needed for effective wood duck management. 
Etephasis was placed on the necessity to evaluate the status 
of wood duck populations and their habitats on a broad 
regional or population-unit basis (Geis 1966). It was 
demonstrated that much of this information could be ob­
6
tained from banding records, together with productivity and 
hunter-harvest data collected annually by the U.S. Fish and 
Wildlife Service.
In 1951, technicians of state conservation depart­
ments and the U.S. Fish and Wildlife Service initiated a 
wood duck banding program throughout much of the United 
States. This effort and earlier bandings have resulted in 
approximately 350 thousand banded wood ducks. In addition, 
wing-collection and harvest-questionnaire surveys have been 
conducted by the U.S. Fish and Wildlife Service for a num­
ber of years and include large volumes of records relating 
to the wood duck.
There has been an important need to analyze the 
plethora of banding and harvest data collected for wood 
ducks. Their forest habitat precludes the use of conven­
tional waterfowl survey methods for estimating population 
density and production; therefore, the population charac­
teristics and status of this important species are poorly 
understood. Annual estimates of wood duck numbers and 
recruitment, as now conducted, provide information which 
relates only to the overall population throughout eastern 
North America. The status and dynamics of wood ducks in 
different regions and flyways are not assessed. Progress­
ive management could be achieved if different breeding and 
wintering populations were defined and comparable data 
collected for each major population unit. A knowledge of 
regional differences in population size, harvest distribu­
7
tion and derivation, hunting pressure, and survival would 
make it possible to manage this species on a more intensive 
scale.
The objectives of this research were to: (1) locate
and characterize summer and winter populations from which 
banded samples of wood ducks have different harvest distri­
butions; (2) determine the contribution of different 
breeding populations to the harvest occurring in various 
states, flyways, and other harvest areas; (3) evaluate 
effects of hunting regulations and assess the impact of 
harvest on population status; and (4) measure trends in 
abundance of forest types important to wood ducks.
DEFINITION OF TERMS
A list of definitions is given to aid in the under­
standing of research techniques utilized throughout this 
study. The U.S. Fish and Wildlife Service's "Bird Banding 
Manual", a recent publication which describes the use of 
waterfowl banding data (Geis 1972), and forest-trend survey 
booklets issued by the U.S. Forest Service (1958 and 1965) 
were instrumental in defining the following terms:
Adult:
A sexually mature bird in at least its second year 
of life.
Band recoveries:
Bands reported to the U.S. Fish and Wildlife Service 
from banded birds.
Crippling loss:
A loss expressed as the percent of ducks shot but not 
retrieved by hunters.
Direct recovery:
A band recovery occurring the first hunting season 
after banding.
Direct recovery rate:
The proportion of banded birds that are recovered and
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reported to the U.S. Fish and Wildlife Service the first 
hunting season after banding. It is expressed as a percent 
or decimal fraction (1 percent or .01).
Forest type:
A classification of forest land based upon the species 
forming a plurality of live-tree stocking. Type is deter­
mined on the basis of species plurality of all live trees 
that contribute to stocking.
Harvesti
Number of retrieved or bagged waterfowl that are shot 
or found dead.
Harvest derivation;
Demonstrates what proportion of the kill in a harvest 
area is derived from various production areas.
Harvest distribution:
The dispersal of the hunting kill as it relates to 
various reference areas. Also refers to the relative size 
of the hunting kill in various geographic areas. Weighted 
direct recoveries and a mail-questionnaire survey are used 
to determine harvest distributions.
Harvest Index:




The fraction of a population that is harvested. It 
is often estimated by dividing the direct-recovery rate by 
reporting rates. Harvest rates are expressed as a percent 
or decimal fraction.
Hunting season:
Waterfowl seasons vary from early September openings 
in Canada to late November or December beginnings in the 
southern United States. Unless otherwise noted, the hunting 
season in this study is defined as September 1 through 
January 16.
Indirect recovery:
All band recoveries occurring after the first hunting 
season following banding.
Kill rate;
An estimate of that segment of the population dying 
directly as a result of hunting. The "harvest rate" 
corrected for "crippling loss" yields the "kill rate." It 
is expressed as a percent or decimal fraction.
Preaeason banding:
Defined as Hay 1 through August 31 for this study.
A period pertaining to summer and early fall bandings.
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Reference areas or population unitst
Adjacent banding areas or states from which birds 
display similar recovery distributions.
Relative recovery rate:
The degree to which a recovery rate for one population, 
sex, or age surpasses that of another. It is an indication 
of the relative likelihood of being recovered and is sig­
nified as a percent or decimal fraction.
Reporting rate:
The proportion of banded birds taken by sportsmen 
that is reported to the U.S. Fish and Wildlife Service. 
Reporting rates are denoted as a percent or decimal 
fraction.
Reward band:
Special bands stating that a monetary reward will be 
forthcoming to those reporting and returning such a band.
Banding status:
Status codes are U.S. Fish and Wildlife Service 
descriptions of birds at time of banding. Four status 
designations are currently used: normal wild bird, hand-
reared or game-farm bird, experimental bird, and dog-caught 
bird.
Survival rate:
The survival rate is the probability of survival of
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a banded bird during a specified time period. Estimates 
of annual survival for this study relate to an interval 
from one banding period in year "i" to the time of banding 
in year "i+1". Average annual survival rates are obtained 
by averaging yearly survival estimates for "x" number of 
years. In all cases survival rates are described as 
percentages or decimal fractions.
Weighted data:
Data corrected for disproportionate banding efforts.
For this study it was determined by dividing each state 
population-density estimate by number of wood ducks banded 
in the state to obtain a weight per recovery. These 
weighting factors were applied to band recoveries to adjust 
for the varying number of birds that a recovery represented.
Winter banding;
Defined as December 1 through March 31 for this 
research.
INFORMATION SOURCES AND METHODS
The major sources of information were banding and re­
covery data, harvest surveys, and wing-collection surveys 
conducted annually by the U.S. Fish and Wildlife Service, 
plus forest inventory data provided by forestry agencies in 
the United States and Canada. Emphasis was placed on re­
covery records of normal, wild wood ducks banded in eastern 
North America during the summer and recovered (shot or 
found dead) during the 19 50 through 1968 hunting seasons.
Bands and Recoveries 
Banding and recovery data filed on magnetic tapes at 
the Migratory Bird and Habitat Research Laboratory, U.S.
Fish and Wildlife Service, Laurel, Maryland, were utilized 
throughout the study. More than 31 thousand recovery 
records of wood ducks banded during 1914 through 1968 were 
available for examination. The volume of banding during 
the 1914 through 1949 preseason period was small; therefore, 
data obtained during the 1950's and 1960's were stressed. 
Banding and recovery records were also restricted by the 
status of wood ducks at time of capture as well as by 
yearly and monthly time periods of banding and recovery.
Only bandings pertaining to wild wood ducks caught, banded, 
and released in a normal manner during the preseason and 
winter periods were used. Wood ducks experimentally
13
14
handled were not included. These restrictive criteria 
left a maximum of 20 thousand recoveries for analysis.
Source of Harvest Data
Waterfowl harvest survey information is annually ob­
tained by the U.S. Fish and Wildlife Service from randomly 
selected post offices throughout each state (Carney et al. 
1975). Names and addresses of a sample of waterfowl 
hunters are secured by these selected post offices when 
each hunter buys an annually required Federal Migratory 
Bird Hunting Stamp. The stamp buyer completes a "Hunter 
Contact Card" and sends his name and address to the U.S. 
Fish and Wildlife Service. A portion of the card is re­
tained by the purchaser and used throughout the waterfowl 
season to keep a personal record of waterfowl shot. After 
the hunting season, the hunter receives a questionnaire 
asking about his waterfowl success. The questionnaire is 
completed by referring to the personal waterfowl record 
card and then returned to the U.S. Fish and Wildlife Ser­
vice for coding and recording. Harvest questionnaire data 
received by the U.S. Fish and Wildlife Service during the 
1962 through 1968 hunting seasons were utilized for this 
study. During the 1962 through 1968 period, approximately 
87 thousand waterfowl hunters were contacted and 55 thous­
and questionnaires were completed each year (Geis et al. 
1971) .
A sample of duck wings thought to be representative
15
of the total duck harvest is also collected by the U.S.
Fish and Wildlife Service during each hunting season 
(Carney et al. 1975). Every hunter to be sampled receives 
10 to 20 postage-paid envelopes prior to the waterfowl 
season and is asked to enclose one wing from each duck shot. 
The wings received are aged and sexed according to species, 
and this information along with other data are recorded on 
computer tapes by the U.S. Fish and Wildlife Service.
Sampled hunters are selected largely from Mail Questionn­
aire Survey respondents of the previous year, who bagged at 
least one duck and are over 15 years old. Other hunter 
samples are derived from lists of respondents to previous 
wing surveys and occasionally from hunters who report 
shooting a banded bird. Wing survey data used throughout 
this study pertain to 1962 through 1968 hunting seasons 
when the annual number of contacted United States hunters 
was 30 to 40 thousand returning approximately 43 thousand 
wings from all species of ducks (Geis et al. 1971).
Information pertaining to wood duck harvest in 
Canada from 1967 through 1969 was obtained through personal 
correspondence with Dr. Frederick G. Cooch, Staff Specia­
list with the Canadian Wildlife Service.
Forest Trend Sources
Over the past several decades the Forest Service of 
the U.S. Department of Agriculture has periodically re­
viewed the timber supply, timber demand, and outlook for
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the United States. These studies include statistical data 
on the current area and condition of the nation's forest 
land, inventories of standing timber, and reports of timber 
growth and removal for individual states. Information is 
also included on recent trends for forest lands and timber 
availability. Forest statistics for the years 1963 and 
1970 were reviewed for segments of this research (U.S. 
Forest Service 1965 and 1973a). Canadian forest data (1963 
and 1971) were obtained from the Canada Department of Lands 
and Forests, Toronto, Ontario (Dixon 1963, Manning and 
Grinnell 1971).
Plotting Recoveries 
All recoveries (direct and indirect) of wood ducks 
banded during the 1950 through 1968 preseason and winter 
periods and later shot or found dead during the 1950 
through 1968 hunting seasons were hand plotted on maps. 
Recoveries from different banding sites were color coded 
and plotted by 1-degree blocks of latitude and longitude 
to show differences in distribution patterns. Banding 
sites and states demonstrating a similar geographic re­
cover y-distribut ion pattern were combined into reference 
areas as described by Geis et al. (1971). For example, the 
recovery distributions of wood ducks banded in Michigan, 
Ohio, and Indiana were similar; most wood ducks recovered 
outside the area of banding were harvested in southern 
states of the Mississippi Flyway (26 to 35 percent) and
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Atlantic Flyway (12 to 18 percent). Although wood ducks 
banded in in Minnesota, Wisconsin, and Iowa were also re­
covered in southern states of the Mississippi Flyway (29 to 
46 percent), few were harvested in southern regions of the 
Atlantic Flyway (2 to 4 percent); thus two different refer­
ence areas began to materialize.
Population Indices
Three approaches (forest values, FHMUP, and simul­
taneous equations) were used to estimate population density 
values for states and provinces within each summer refer­
ence area.
Forest Values
A wood duck population index for each state within a 
reference area was estimated from the state acreages of 
six forest types (Oak-Gum-Cypress, Elm-Ash-Cottonwood, 
Maple-Beech-Birch, Aspen-Birch, Oak-Hickory, and Spruce 
Fir). State acreages and definitions for each timber type 
were obtained from publications on timber trends (U.S. 
Forest Service 1965 and 1973a). Each forest type was sub­
jectively given an importance value ranging from a minimum 
of 0.5 to a maximum of 10.0 based upon wood duck habitat 
requirements indicated in the literature, together with 
silvical characteristics of each forest type and the 
general physiography of the state being considered. For 
example, the Oak-Gum-Cypress type received a maximum 
rating of 10.0 in all states, because species associated
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with this type provide cavities for nesting and it occurs in 
wet sites that provide brood-rearing habitat and available 
food. A wood duck, density-index was obtained by summing 
the products of acreage and importance value for forest 
types within a state. This procedure is graphically illus­
trated in Appendix Tables 42 and 43.
Comparable data for Canadian forests could not be ob­
tained, but information provided by Dixon (1963) suggested 
that the Great Lakes and St. Lawrence Forest Types of 
southern Ontario and Quebec, and especially the Deciduous 
Forest Type of Ontario, contained tree species and habitats 
beneficial to wood ducks. The wood duck index for the 
approximate 63 million acres (25 million hectares) of 
these Canadian forest types was estimated as 126 thousand; 
a value equivalent to 13 percent of the wood duck values of 
all six Eastern forest types (Appendix Table 43).
Fish and Wildlife Service Model (FHMUF)
Sutherland (1971), in cooperation with federal and 
state waterfowl biologists, developed a profile model (Fly­
way Habitat Management Unit Project or FHMUP) to estimate 
waterfowl species densities and distributions throughout 
the North American Continent for each of 10 months during 
1965. The procedure was to first estimate the total number 
of breeding wood ducks within North America by utilizing 
data and techniques discussed by Kaczynski (1968). This 
estimated breeding density was considered a May 1965
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population of breeding wood ducks (Sutherland 1971). The 
May population was then multiplied by an estimated produc­
tion ratio to obtain a fall flight (August 1965) estimate of 
wood ducks. Next, an estimate of the total mortality rate 
occurring from August 1965 to May 1966 was made. When May 
populations, August populations, and total mortality from 
August through May had been determined for flyways and 
northern (Canadian) birds, estimates of the average monthly 
populations in each flyway, from September through August, 
were obtained by distributing total mortality by 30-day in­
tervals. The monthly mortality (loss of birds) was sub­
tracted from each previous monthly population number, be­
ginning with the month of August (Sutherland 1971). The 
end result was a monthly estimate of wood duck numbers for 
each flyway. These flyway densities were then allocated to 
flyway states according to the subjective judgment and con­
sensus of those men most familiar with the wood duck 
situation in each state (Sutherland 1971).
May wood duck populations calculated by Sutherland
(1971) for each flyway state were used as one estimate of 
the adult breeding populations for my study. Differences 
between Sutherland's May and August population numbers 
were also used as one estimate of immature densities.
Those wood duck populations described in the FHKUP 
report as northern birds were considered to be Canadian 
populations and were increased by approximately 36 percent 
to account for differences in FHMUF population estimates
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and Canadian population estimates shown by Cringan (1971) 
for the years 1967 through 1969.
Simultaneous Equations
This technique required computer solutions for a set 
of simultaneous linear equations. Data pertaining to har­
vest rates and size of harvest for 32 states and 2 pro­
vinces were used in the calculations. Chapman and Junge 
(1956) and Overton and Davis (1969) gave descriptions of 
this general method of population estimation, and Geis 
(1972) provided an example of the processes involved. The 
general procedures are illustrated in Example 1 of Appendix 
A.
Harvest rates and harvest estimates for adult and 
immature wood ducks banded in 32 states and 2 Canadian pro­
vinces were summarized in matrix form; however, population 
estimates determined from these original harvest and re­
covery matrices did not yield realistic results. Numerous 
state estimates were obviously too high or too low. The 
major sources of error were believed to be inaccurate har­
vest estimates and a lack of banding and recovery data for 
numerous states; therefore, adjusted harvest and adjusted 
recovery rates were used to construct other matrices (Ap­
pendix Tables 44 through 47). I assumed that harvest dis­
tributions obtained from the FHMUP model and forest values 
were more accurate than distributions determined via wing 
surveys. Therefore, original harvest data (obtained from
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weighted wing data provided by the U.S. Fish and Wildlife 
Service) for each state were systematically adjusted by a 
comparison of the original harvest distribution and harvest 
distributions determined from band recoveries that were 
weighted by FHMUP and forest indices (Appendix Table 44).
The percentage difference of the comparisons dictated an in­
crease or decrease in the original harvest estimate. For 
example, if the original U.S. Fish and Wildlife Service har­
vest survey revealed that Iowa accounted for 3.70 percent 
of the total wood duck harvest as opposed to an average of 
2.75 percent derived from weighted direct recoveries, the 
Iowa harvest estimate was adjusted downward by 25.70 per­
cent [(3.70 - 2.75)/3.70 ] .
Adjusted band recovery rates were necessary for states 
banding numbers insufficient for meaningful direct recovery 
rate estimates (Appendix Table 45). These rates were pro­
rated from adjacent states by use of procedures similar to 
those described by Chan (1972). For example, if the state 
of Georgia exhibited an insufficient number of first-year 
recoveries (less than 10 for adults and 15 for immatures),
I assumed the recovery distribution of Georgia birds would 
be similar to the average distribution of wood ducks banded 
in South Carolina and Alabama.
Weighting Data
Since the number of wood ducks banded in each state 
varied in relation to actual numbers present, it was not
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possible to compare the relative importance of recoveries 
between two areas until a "weighting factor" had been cal­
culated. Indices of abundance were provided by forest, 
FHMUP, and simultaneous equation estimates. Weighting fac­
tors were then obtained for each state or province by di­
viding the number of preseason banded wood ducks into each 
estimated population-density index. As described by Geis
(1972), this gives an estimate of the relative number of 
wood ducks represented by each duck in the banded sample.
Reporting Rates 
Reporting rates were determined from 1965 through 
1969 band recovery data supplied by the U.S. Fish and Wild­
life Service. The number of bands reported for all duck 
species was divided by the estimated total number of bands 
taken by hunters (as determined from the Harvest Questionn­
aire Surveys) to yield a reporting rate for each state (Geis 
and Atwood 1961). It was assumed that the reporting rates 
for Ontario and Quebec were equivalent to those of Ohio.
Harvest
State harvest estimates by age and sex were computed 
using 1962 through 1968 harvest-survey and wing-collection 
data obtained from the files of the U.S. Fish and Wildlife 
Service and 1967 through 1969 data from the Canadian Wild­
life Service. Procedures were similar to those described 
by Carney et al. (1975). First, the U.S. Fish and Wildlife
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Service divided each state into several duck-stamp sales 
zones (groups of counties). The total number of stamps 
sold in each zone was multiplied by the average number of 
ducks killed per hunter (as determined from Hunter Question­
naire Survey) to obtain the total bag of all ducks for a 
state zone. This total was then divided by wings received 
from that zone to estimate the ducks bagged per wing re­
ceived (a weighted value). This value was applied to each 
wood duck wing associated with a given stamp sales zone; 
thus, the total state harvest of wood ducks could be esti­
mated by summing the products of wings and weighted values 
for every zone within a state.
Harvests occurring in the unknown age and sex cate­
gories were prorated as adult males, adult females, imma­
ture males, immature females according to the existing pro­
portionate relationships among known age-sex categories.
The harvest distribution was determined from weighted 
direct recoveries and weighted wing-collection surveys. 
Harvest derivations were calculated exclusively from 
weighted direct recoveries of wood ducks banded May 
through September 1950 through 1968. Geis (1972) and 
Stewart et al. (1958) gave an in-depth explanation of these 
procedures. Briefly, they involve a study of the distribu­
tion of weighted direct recoveries from breeding reference 
areas to show the proportion of birds recovered in a har­
vest area that came from each reference area (Example 2 of 
Appendix A ) .
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Chronology of harvest was determined from weighted 
wing-collection data (1962 through 1968) and weighted direct 
recoveries of wood ducks banded May through September 1950 
through 1968 that were later recovered at monthly intervals 
throughout the hunting season.
Survival Rates 
Survival rate estimates were computed according to 
the technique developed by Seber (1970 and 1972) and adap­
ted for computer application by Anderson et al. (1974).
Unedited preseason bandings and hunting-season recoveries 
were used in annual survival calculations. I established 
a criterion of at least 10 recoveries for each banding 
period before data were coded for survival estimates. Be­
cause survival of immatures is normally less than adult 
survival, data coding procedures for adults and immatures 
differed due to Seber's assumption that survival is inde­
pendent of age at the time of banding. Examples of coding 
procedures are given in Appendix B.
Survival rates for each summer reference area were 
estimated by weighting (based on population density) and 
averaging annual survival rates from component states or by 
calculating annual survival rates from the composite of all 
banding and recovery data related to a reference area.
Banding Requirements 
A FORTRAN program (unpublished, mimeographed handout, 
"Estimation of Survival Rates from Banding and Recovery
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Data," U.S. Fish and Wildlife Service), which is incorpora­
ted in Seber1s (1970) survival estimation technique, was 
used to estimate the approximate number of wood ducks that 
should be banded within a reference area to reduce variance 
estimates of the survival statistic. The procedure was to 
first create numerous sets of data by utilizing constant 
survival rates and fixed direct recovery rates, and then 
varying the numbers banded. These deterministic sets of 
data were repeatedly submitted to the computer program until 
a change in the numbers-banded variable produced the pre­
determined survival estimate with an associated coefficient 
of variation between 10 and 20 percent. Examples 5 and 6 
(Appendix B) demonstrate the technique.
Statistical Analyses
Chi-square Test for Recovery Data
Chi-square tests (Siegel 1956, p. 104-111) were con­
ducted to determine if the '‘proportion” of wood ducks 
banded before the hunting season and later recovered by 
hunters differed (1) by flyways and reference areas of 
banding, (2) during time intervals of the hunting season, 
and (3) by latitudinal zones of banding.
Age and Sex Differences in Recovery
A least squares analysis of variance (Snedecor and 
Cochran 1967, p. 299-307) was performed to evaluate direct 
recovery rate differences among age-sex classes for selected
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states. After differences among groups were found to be 
significant, specific age and sex differences were discerned 
via orthogonal comparisons (Li 1964, p. 255-265).
Survival Comparisons
The student's "t" test (Li 1964, p. 100-117) was used 
to determine mean survival differences for wood ducks 
banded above and below 42° north latitude and to judge 
differences in mean survival for wood ducks banded during 
divergent time periods.
A paired "t" test (Li 1964, p. 100-117) was useful in 
examining mean survival discrepancies between age-sex 
groups of wood ducks banded in various flyway states.
Sign Test for Nonparametric Data
The sign test (Siegel 1956, p. 68-75) was helpful in 
deciding if a change in hunting regulations from strict to 
liberal was followed by a change in direction of recovery 
and survival rates (an increase + or decrease -). This 
test was also used to determine what directional change 
survival rates would take when comparisons were made with 
the extreme low and high recovery rates of various states.
Regression Analysis
Stepwise regression procedures were used to identify 
relationships between the dependent variable (direct re­
covery rate) and the following hunting regulation varia­
bles: average total hunting days in reference area of
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banding, total hunting days in parent flyway, total October 
hunting days, and average duck bag-limit for states in a 
parent flyway. A maximum R2 improvement technique developed 
by Barr and Goodnight (1972) was the actual procedure 
followed for regression analysis. This technique does not 
settle on a best single model to explain what independent 
variables account for the greatest variation of the depen­
dent variable but looks for a best one-variable model, a 
best two-variable model, and so forth.
RESULTS
Reference Areas 
Based upon consistencies and differences in the geo­
graphic distribution of 13,200 recoveries of 132,300 pre­
season banded wood ducks and 7 30 recoveries of 10,985 winter 
bandings, six summer (breeding) and two winter reference 
areas were identified. The Atlantic Flyway is composed of 
two summer reference areas (Northeastern and Southeastern), 
there are three divisions for the Mississippi Flyway (North 
Central, Lake States, and Southern), and one unit in Canada 
(New York-Eastern Canada). Winter reference areas were de­
fined as the Atlantic Coast and Gulf Coast regions. The 
component states and provinces of each reference area are 
shown in Figures 3 and 4, and the state by state recovery 
distributions of wood ducks banded in each summer reference 
area are demonstrated in Figures 5 through 16.
Bandings and Recoveries 
More than 31 thousand recoveries from 350 thousand 
wood ducks banded from 1914 through 1968 were available for 
study. Numbers banded and recovered in relation to re­
straints on age and sex, banding and recovery periods, 
banding locations, and status of trapped wood ducks are 
summarized in Appendix Tables 54 through 58.
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FIGURE 5. HARVEST DISTRIBUTION OF ADULT WOOD DUCKS BANDED IN THE
NEW YORK-EASTERN CANADA REGION.
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FIGURE 6. HARVEST DISTRIBUTION OF IMMATURE WOOD DUCKS BANDED IN
THE NEW YORK-EASTERN CANADA REGION.
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FIGURE 12. HARVEST DISTRIBUTION OF IMMATURE WOOD DUCKS BANDED IN
THE NORTH CENTRAL REGION.
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FIGURE U. HARVEST DISTRIBUTION OF IMMATURE WOOD DUCKS BANDED IN
1HE LAXE STATES REGION*




manner in all of the 4 8 coterminous United States and 8 
Canadian provinces during the 1950 through 1960 period 
(Appendix Table 54). The greatest numbers of wood ducks 
were banded in Illinois (29,008) and Wisconsin (28,194). 
Most of the eastern Canadian banding of wood ducks (5,996) 
was conducted in Ontario (4,627).
The number of normal, wild wood ducks banded in 
eastern North America (32 states and 2 Canadian provinces) 
during May through August 1950 through 1968 and later re­
covered during a hunting season are summarized in Appendix 
Table 55. Number of birds banded by reference areas was: 
North Central (63,524), Lake States (17,831), Southern 
(18,073), New York-Eastern Canada (8,633), Northeastern 
(18,730), and Southeastern (5,446).
Wood ducks banded May through September 1950 through 
1968 are shown in Appendix Table 56. Appendix Table 57 is 
similar to Appendix Table 56, but additional restraints 
have been placed on age-sex categories and kinds of 
recoveries.
The number of winter bandings utilized throughout 
this study are shown in Appendix Table 58.
Banding Quotas
Reference-area survival rates and direct recovery 
rates used in recommending numbers to be banded are shown 
in Appendix Table 50. I believe the rates in Appendix 
Table 50 are typical to slightly conservative of the rates
44
prevailing during the 1950's and 1960's; therefore, banding 
quotas summarized in Table 1 should be adequate for esti­
mating annual survival rates with acceptable variances. 
Approximately 45,700 wood ducks (22,500 adults and 23,200 
immatures) would have to be banded annually if hunting 




State acreages and associated wood duck values for 
six forest types are summarized in Appendix Table 42.
Based on published wood duck habitat studies, associated 
plant species, and physiographic characteristics, the Oak- 
Gum-Cypress type was given the highest rating. This forest 
type occupied 15.0 percent of the Eastern hardwood forest 
in 1963 as compared to 12.0 percent in 1970 (U.S. Forest 
Service 1965 and 1973a). Nearly all of this type occurs in 
the Mississippi Delta and along other southern stream or 
river bottoms. Bottomland plant species, mixed bottomland 
hardwoods, and cypress-tupelo (Taxodium distichum L., Nyssa 
aquatica L.) stands predominate. Most sites are character­
ized by mesic conditions, floodplain situations, periodic 
flooding, and the presence of sloughs, flats, first bottoms, 
ridges and terraces, and fronts (Barrett 1962).
The Elm-Ash-Cottonwood type was rated second due to 
its occurrence along water courses, the association with
TABLE 1.— Suggested wood duck banding quotas for sumer reference areas
Age and Sex Classes*
Reference
Area
AN AF IM IF Total
- Numbers to be Banded ---
Northeastern 1,700 1,800 1,900 2,100 7,500
Southeastern 1,900 2,200 2,000 2,400 8,500
New York-Eastern Canada 1,500 1,600 1,500 1,700 6,300
North Central 2,000 2,400 1,800 2,100 8,300
Lake States 1,500 1,800 1,500 1,800 6,600
Southern 1,900 2,200 2,000 2,400 8,500
Total 10,500 12,000 10,700 12,500 45,700
*A (Adults), I (Inmatures), M (Males), F (Fenales).
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high water tables, and presence on sites with poor internal 
drainage. It is often identified as a bottomland hardwood 
type with characteristic moist site species such as American 
elm (Ulmus americana L.), black ash (Fraxinus nigra Marsh.), 
green ash (Fraxinus pennsylvanica Marsh.), cottonwood 
(Populus spp. L.), black willow (Salix nigra Marsh.), 
sycamore (Platanus occidentalis L.), red maple (Acer rubrum 
L. ), box elder (Acer negundo L.), and river birch (Betula 
nigra L.). This hardwood type is most concentrated in the 
Central and Lake States area of the United States. In 1963, 
it comprised 7.9 percent (20.4 million acres or 8.3 million 
hectares) of the Eastern hardwood types as compared to 9.7 
percent (24.7 million acres or 10.0 million hectares) in 
1970 (U.S. Forest Service 1965 and 1973a).
I judged the Aspen-Birch and Maple-Beech-Birch types 
to have similar rankings in their importance to, or use by, 
wood ducks. Although often described as occurring on the 
better drained sites of New England, the Lake States, and 
the Middle Atlantic states; Barrett (1952), Fowells (1965), 
and the U.S. Forest Service (1973b) attest to the occurrence 
of these types on lowlands, flood-plain sites, bogs, and 
poorly drained soils. Also of importance is the association 
with American elm, red maple, black ash, cottonwood, red and 
white oaks (Quercus spp. L.), and basswood (Tilia americana 
L.). During the 1950*s and early 1960's, Aspen-Birch types 
comprised 9.2 percent (23.7 million acres or 9.6 million 
hectares) of the Eastern hardwoods. This percentage dropped
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to 8.1 in 1970 (20.5 million acres or 8.3 million hectares). 
During the same period, Maple-Beech-Birch forest types 
occupied 12.9 percent of the hardwood forest (33.3 million 
acres or 13.5 million hectares) in 1963 and 12.3 percent 
(31.1 million acres or 12.6 million hectares) in 1970 (U.S. 
Forest Service 1965 and 1973a).
The Oak-Hickory and Spruce-Fir types were ranked 
fifth and sixth, respectively, either due to a lack of 
mesic conditions (Oak-Hickory) or absence of mast and den- 
producing tree species (Spruce-Fir). Oak-Hickory stands 
stretch from southern New England to Texas and represent 
the most widespread hardwood timber type, accounting for 
44.9 and 44.1 percent of the 1963 and 1970 acreages of 
hardwoods in the East (U.S. Forest Service 1965 and 1973a). 
Total land area has varied from 116.0 to 111.9 million 
acres (46.9 to 45.3 million hectares) between 1963 and 1970 
(U.S. Forest Service 1973a). Trees commonly found in this 
type are characteristically upland species that range from 
ridge sites to moist cove sites. White, northern red, and 
black oaks (Quercus spp. L.) predominate throughout the 
type. Other common oaks are scarlet (Quercus coccinea 
Muenchh.) and chestnut oaks (Quercus prinus L.) in the 
Appalachians, northern pines (Pinus spp. L.) and bur oaks 
(Quercus macrocarpa Michx.) in northern and western ranges, 
and post (Quercus stellata Wangenh.), blackjack (Quercus 
marilandlca Meunchh.), and southern red oaks (Quercus 
falcata Michx.) to the west and south. Hickories--
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especially shagbark (Carya ovata Mill.), pignut (Carya 
glabra Mill.), mockernut (Carya toroentosa Nutt.), and 
bitternut (Carya cordiformis Wangenh.)— are consistent 
forest components. Associated species are aspen (Populus 
spp. L.), ashes (Fraxinus spp. L.), blackgum (Nyssa syl- 
vatica Marsh.), yellow poplar (Liriodendron tulipifera L.), 
elms (Ulmus spp. L.}, sugar (Acer saccharum L.) and red 
maple (Acer rubrum L.), sassafras (Sassafras albidum Nutt.), 
black cherry (Prunus serotina Ehrh.), black locust (Robinia 
pseudoacacia L.), and black walnut (Juqlans nigra L.) (U.S.
Forest Service 1973b, Barrett 1962, and Fowells 1965). Al­
though Oak-Hickory species are usually found on drier sites, 
they were related as moderately useful to wood ducks be­
cause: (1) wood ducks often nest up to one-half mile or
more from water, (2) oak species possess desirable cavity 
traits, (3) previous studies have documented the use of 
Oak-Hickory types by wood ducks, and (4) attractive food 
producing qualities of the oaks.
The Spruce-Fir type is a softwood group most commonly 
found in Lake States and Northeastern States such as 
northern Minnesota, upper Michigan, and Maine (Society of 
American Foresters 1954). Although the major tree species 
of this forest type were judged to be of little importance 
to wood ducks, their association with organic soils of old 
lake beds, poorly drained soils, and bog and muck soils 
indicated that some use by brooding, molting, or loafing 
wood ducks was possible.
49
Descriptions of the Great Lakes-St. Lawrence and the 
Deciduous forest types of Canada (59.8 million acres or
24.2 million hectares) are given by Dixon (1963) and 
Manning and Grinnell (1971). Along the Great Lakes-St. 
Lawrence and Ottawa Valley, into southern Quebec and north­
ern New Brunswick, and on into southwestern Ontario is the 
Great Lakes-St. Lawrence Forest Region. This forest 
possesses a mixed composition containing hardwoods found in 
the more southern Deciduous Region and conifers common to 
a Boreal Forest Region. The characteristic species are red 
(Pinus resinosa L.) and white pine (Pinus strobus L.), 
eastern hemlock (Tsuga canadensis L.), and yellow birch 
(Betula alleghaniensis Britton). There is a wide distri­
bution of sugar and red maple, white birch (Betula papyri- 
fera Marsh.), trembling aspen (Populus tremuloides Michx.), 
black (Picea mariana Mill.) and white spruce (Picea glauca 
Muench), white cedar (Chamaecyparis thyoides L.), balsam 
fir (Abies balsamea L.), and jack pine (Pinus banksiana 
Lamb.). In contrast, the Deciduous Forest Region located 
between Lakes Huron, Erie, and Ontario contains forest 
communities dominated by broad-leaved trees. The main 
Canadian distributions of beech (Fagus grandifolia Ehrh.) 
and sugar maple, basswood, red maple, red oak, white oak, 
and bur oak occur here. Associated tree species are black 
walnut, sycamore, swamp white oak (Quercus bicolor willd.), 
shagbark and bitternut hickory, rock elm (Ulmus racemosa 
Thom.), silver maple (Acer saccharinum L.), and blue beech
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(Carpinus caroliniana Walt.). Many of the tree species of 
these two forest regions are important to wood ducks, be­
cause these southern regions of Canada are characterized by 
millions of hectares of open water, bogs, streams, rivers, 
muskeg sites, and flooded brushland.
Products obtained when forest-type acreages and wood- 
duck values were multiplied and summed to produce a popu­
lation density index for each state are exhibited in Appen­
dix Table 43.
Population Model (FHMUP)
Population estimates calculated from the Flyway Habi­
tat Management Unit Project (FHMUP) are shown in Table 2, 
The calculated density distribution of preseason wood ducks 
was as follows:
Reference area Density distribution
Simultaneous Equations
As previously noted, it was necessary to use an ad­
justed harvest for simultaneous equation estimates. The 
original harvest determined from U.S. Fish and Wildlife 
Service harvest surveys and the adjusted harvest based upon 















TABLE 2.— Wood duck population estimates from the Fish and Wildlife 
Service’s population model (FHMUP) 1
May August August minus May
Populat ions Populations Populations
Location (thousands) (thousands) (thousands)
Alabama 28 90 62
Arkansas 3-4 103 69
11llnois 60 159 99
Indiana 40 106 66
Iowa 30 79 49
Kentucky 12 28 16
Louisiana 31 75 44
Michigan 40 106 66
Minnesota 89 238 149
Mississippi 44 101 57
Missouri 29 79 50
Ohio 40 106 66
Tennessee 13 35 22
Wisconsin 70 185 115
Mississippi Flyway 560 1.490 9 30
Connecticut 8 21 13
Delaware 5 13 8
Florida 60 160 100
Georgia 30 95 65
Maine 17 45 28
Maryland 11 20 9
Massachusetts 25 65 40
New Hampshire 25 70 45
New Jersey 18 47 29
New York 40 110 70
North Carolina 40 95 55
Pennsylvania 23 60 37
Rhode Island 2 5 3
South Carolina 40 110 70
Vermont 15 45 30
Virginia 10 20 10
West Virginia 5 13 8
Atlantic Flyway 374 994 620
Canada (North) 105 277 172
^The F1MJP estimates relate to a 1965 time period.
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The adjusted matrices of direct recovery rates used 
in simultaneous equation estimates of adult and immature 
densities are given in Appendix Tables 46 and 47.
Table 3 presents state and flyway population esti­
mates. The average annual wood duck population in eastern 
North America during 1962 though 1968 was estimated by the 
simultaneous technique as 3,284,700 birds with 41.4 per­
cent located in the Atlantic Flyway, 6.9 percent in Ontario 
and Quebec, and 51.7 percent in the Mississippi Flyway.
Population Estimates
Table 3 summarizes preseason population indices as 
estimated by forest data, FHMUP, and simultaneous equations. 
The last column, Row Sum, is the combined sum all three 
estimates and produces a set of values I believe to best 
represent the relative abundance of wood ducks in each 
state and province. Based upon "Row Sum" computations,
52.0 percent of the preseason wood duck population was 
allocated to the Mississippi Flyway, 38.0 percent occurred 
in the Atlantic Flyway, and 10.0 percent inhabited south­
eastern Ontario and southern Quebec. The calculated den­
sity distribution by reference areas was:
TABLE 3*— Wood duck population Indices eatlaated by three lethalqua*, 1962 through 1966
FHMUP Sleultaneoue
bureau Nodal Equation Eatleate Forcat Value*1 Row Sua2
Adult* Iaaaturea Adult a iMaturea Wood Duck* Adulta Iwaturea
Alabama 28.000 62,000 55,569 156,991 33,862 117,431 252,853
Arkanaaa 34,000 69,000 40,653 7,752 48,517 123,170 125,269
Illlnola 60,000 99,000 21,534 64,212 14,062 95,596 177,274
Indiana 40,000 66,000 40,058 47,554 13,279 93,337 126,833
Iowa 30,000 49,000 26,994 20,415 11,696 68,690 81,111
Kentucky 12,000 16,000 13,561 0 21,195 46,756 37,195
Loul al»na 31,000 44,000 34 , 2 2 5 45,534 69,674 134,899 159,208
Michigan 40,000 66,000 58,477 84.B25 76,333 174,810 227,158
Minna lot a 89.000 149,000 124,394 190,768 99,394 312,788 439,162
Mlaalailppl 44,000 57,000 137,590 56,459 47,894 229,484 161,353
Hlaaourl 29,000 50,000 71,614 56,409 27,623 128,237 134,032
Ohio 40,000 66,000 27,884 27,284 16,425 84,309 109,709
Tcnnaaaac 13,000 22,000 0 3,819 14,669 27,669 40,488
Ulaconain 70,000 115,000 138,449 145,592 88.166 296,615 348,758
Mlaaiaalppi Flyuav 560,000 930,000 791,002 907,614 582,789 1,933,791 2,420,403
Connecticut 8,000 13,000 2,356 1,502 4,779 15,136 19,281
Delaware 5,000 8,000 6,921 814 998 12,919 9,812
Florida 60,000 100,000 92,701 51,907 55,496 208,197 207,403
Georgia 30,000 65,000 181,679 115,745 59,856 271,535 240,601
Maine 17,000 28,000 35,099 53,842 43,862 95,961 125,704
Maryland 11,000 9,000 4,002 2,425 5,804 20,806 17,229
Naaaachuaetta 25,000 40,000 20,641 29,721 7,018 52,659 76,739
Hew Haepahlrc 25,000 45,000 16,514 29,001 11,330 52,844 85,331
Hew Jeraey 18,000 29,000 20.B76 20,502 3,899 42,775 53,401
Hew York 40,000 70,000 57,612 7 3,467 39,025 136,637 182,492




Bureau Model Equation Estimate foreat Values1 low Su*2
Adults Inetures Adults Inatures Wood Ducks Adults Imaturas
Pennsylvania 23,000 37,000 57,594 69,276 28,482 109,076 134,758
Rhode Island 2,000 3,000 1,818 5,723 1,073 4,891 9.796
South Carolina 40,000 70,000 13,341 62,418 34,948 88,269 167,366
Vernont 15,000 30,000 16,751 32,718 13,903 45,654 76,621
Virginia 10,000 10,000 5,014 34,272 14,183 29,197 58.455
West Virginia 5,000 8,000 22,067 48,821 17,134 44,201 73,955
Atlantic Flyway 374,000 620,000 635.804 723,979 379,060 1,388,864 1,723,039
Ontario 135,124 196,000 71,482 117,261 100,000 306,606 413,261
Quebec 25,169 19,264 20,316 17,244 26,000 71,485 62,508
Canada 160,293 215,264 91,798 134,505 126,000 378,091 475,769
Eastern North Anarlea 1,094,293 1,765,264 1,518,604 1.766,098 1,087,849 3,700,746 4,619,211
1Tha ••■» vtl\w was used for iaaaturee sod adults,



















































State density values in Table 3 were divided by the 
number of adult and immature wood ducks banded May through 
September 1950 through 1968 to yield a weight per banded 
bird (Appendix Table 48). These weighted values were used 
in the calculations of harvest distribution and derivation 
as described by Geis (1972).
Reporting Rates 
Reporting rate estimates, which were used when direct 
recovery rates were converted to harvest rates, are pre-
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sented in Appendix Table 49.
Harvest
Annual Harvest
The 1962 through 1968 harvest estimates for the 
eastern United States ranged from 119,470 to 297,396 for 
adults and from 117,109 to 350,282 for immatures (Table 4). 
The average harvest was 187,778 adults and 291,189 imma- 
tures. The total average annual harvest, including unknown 
age and sex classes, was approximately 0.5 million wood 
ducks. Annual harvest by age and sex for the 1962 through 
1968 hunting seasons as determined from weighted wing- 
collection data is shown in Tables 5 and 6. Based upon 
waterfowl survey estimates, 68.3 percent of the adult har­
vest in the eastern United States occurred in the Mississip­
pi Flyway as compared to 31.7 percent in the Atlantic Fly­
way. The immature harvest was proportioned as 67.7 and
32.3 percent in the Mississippi and Atlantic Flyways, 
respectively.
Proportion Harvested and Total Kill
The proportion of the overall prehunting season wood 
duck population that was shot and retrieved (harvest rate) 
was determined by comparing the average annual 1962 
through 1968 population size (as estimated from simul­
taneous equations) with the average harvest estimate 
occurring during the same years. The annual 1962 through
TABLE -.— Siae □ £ adult and Imicure wood duck harvest. ,iy regions and flyvays, 1962-66
Adults I mi sat urea
Region 1962 196 3 1 >64 1985 1966 1967 1968 1962 1963 i 96u 1963 1966 1967 196B
North Central 29,016 68,163 -3.96o 13,152 86,419 -8,-26 67 . 57 1 36,8 57 116,045 104,455 116,128 124,177 102,307 87,762
Lane States 13,638 11,94- 11,:-- 13,702 23,793 L 5,426 24,558 19 ,05 3 27,740 27,696 32,716 27 ,089 28,749 36,497
Southern 29,823 61 .236 51,937 59,852 112,834 59,234 -6,757 2fl,180 84,689 74,706 96,605 94,-19 71,629 49,292
New York - 
E. Canada* 57,680 37,57- 105,110 112,185
Nor t -.eastern 10.978 11,102 19,193 15,402 22,016 15,008 18,303 r,-i: 18,668 29,150 3- ,61u 34 ,2 30 30,833 41,288
Soutneastern 28,104 40,214 17,580 32,769 42,441 36,199 51,809 30,153 55,340 27,779 4 6,484 50,626 48,192 67,373
Atlantit 
Flyway 46,993 32,213 42,795 53,869 74,350 61,017 79,688 62,019 76,992 67,243 98,452 104,597 103,193 138,038
Mississippi 
F]yva y^ 72,477 131,353 107,667 106,706 223,046 123,086 139,186 85,090 228,474 206,857 245,449 245,685 202,685 173,551
E . Canada . . . 47 ,870 27,998 80.942 82,808
, i1 Ot €■ a ' 119,470 13 3,566 150.-62 180,575 297,396 184,103 218.8 ‘. 1 - M 0 9 305,4 66 2 74,100 34 3,901 350,282 305,878 311,589
‘data not available (1962-66) lor Canada. ^Includes the state of Texas ^Excludes Canadian data, 
t19n2-66),
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TABLE 6.—  Size of adult * jckJ duck harvest by age and sex fcr six population regions, the Atlantic and Mississippi Flyvays, and 
eastern Canada
Adult Males Adult Fesales
Region 1962 19o 1964 1965 1966 1967 1968 1962 1963 1964 1965 1966 1967 1968
North Central 15,959 30,652 21,689 18,312 40,870 26,57, 35,277 13,057 27,501 22,297 14,840 45,549 21,852 32,294
Lake States 6,44b 5,884 6,210 6,921 10,310 6,724 11,799 7,193 6,060 5,534 6,781 13,483 8,702 13,059
Southern 16,622 38,620 32,138 36,213 65,412 40,600 29,016 13,201 22,636 19,799 23,639 47,422 18,634 17,741
New York - 
E. Canada* 38.160 23,636 . . » 19,520 13,938
Northeastern 5,390 5,523 11,180 9.503 12,48 2 8,116 10,534 5,088 5,579 8,015 5,899 9,534 6,890 7,769
Southeastern 17,232 24,652 10,317 18,400 26,196 23,471 29,725 10,872 15,562 7,263 14,369 16.245 12,728 22,084
Atlantic
Flyway 26,828 30,667 24,463 30.997 44,193 36,735 44,944 20,165 21,546 18,332 22,872 30,157 24,282 34,7*4
Mississippi
Flyway^ 39,026 75,156 60,037 61,446 116,592 73,898 76,092 33,451 56,197 47,630 45,260 106,454 49,188 63,09*
E . Canada . . . 33,014 18,951 . . . . . . , . . 14,856 9,0*7
Total 3 65,854 105.823 84,500 92,443 160,785 110,633 121,036 53,bib 77,743 65,962 68,132 136,61L 73,470 97,838
*Uata not available (1962-66)1 for Canada, iInc Ludes the state of Texas. ^Excludes Canadian data, 
(1962-68).
but uses New York harvest data
Ul\D
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1968 summer population in the eastern United States ap­
proached 3 million birds (Table 3). The estimated average 
annual harvest during the same years was 0.5 to 0.6 million 
wood ducks; therefore, hunters bagged 16.7 to 20.0 percent 
of the average wood duck population.
Kaczynski and Geis (1961) suggested that unretrieved 
kill of wood ducks has accounted for 25.0 percent of their 
total shooting loss. When this correction for crippling 
loss is made, the 1962 through 1968 total kill has fluctu­
ated between 670 and 800 thousand or 22.0 to 27.0 percent 
of the eastern United States preseason population of wood 
ducks. If the crippling loss of wood ducks was 35 percent 
as suggested by Kaczynski (1968), the kill rate could have 
been as high as 30.0 percent.
Harvest Distribution (Surveys Versus Recoveries)
The Eastern harvest distribution of wood ducks esti­
mated from 1962 through 1968 harvest survey data, in 
addition to estimates from weighted direct recoveries 
of wood ducks banded May through September 1950 through 
1968, are given in Table 7. The harvest survey reveals the 
following distribution: Mississippi Flyway, 55.0 percent;
Atlantic Flyway, 26.0 percent; eastern Canada, 17.0 per­
cent; and Texas, 2.0 percent. Although the harvest distri­
butions derived from weighted recoveries follow a similar 
pattern (Mississippi Flyway, 48.0 percent; Atlantic Flyway,
40.0 percent; eastern Canada, 9.0 percent; and Texas, 3.0
61
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•total %  T130-----mn---------- 5 0 ------5 0
1Based on an average weighting factor for direct recoveries from 
bandings in 1950-68.
^Percentages less than 0.1% are indicated by T.
6 2
percent), a larger harvest percentage is attributed to the 
Atlantic Flyway and a lower percentage to Canada and the 
Mississippi Flyway.
The reference-area harvest distribution of immature 
wood ducks, calculated from weighted recoveries, is as 
follows:
Reference area Harvest distribution
Six states (Florida, Georgia, New York, North Carolina, 
Pennsylvania, and South Carolina) were responsible for 73.0 
percent of the immature harvest occurring within Atlantic 
Flyway reference areas. Alabama, Arkansas, Illinois, 
Louisiana, Minnesota, Mississippi, and Wisconsin accounted 
for 72.0 percent of the immatures harvested in Mississippi 
Flyway reference areas.
With the exception of a tendency for larger percent­
ages of adults to be harvested in southern states, the 
adult harvest distribution was similar to immature harvest 
distributions. The Southern Reference Area led in adult 
harvest (32.7 percent), followed by the Southeastern Area 
(29.7 percent), North Central Area (13.7 percent). New 















(8.2 percent), and Lake States Area (4.8 percent).
The first-year harvest distributions of immature and 
adult wood ducks banded in different reference areas and 
later recovered by hunters are shown in Table 8. The most 
important states harvesting wood ducks banded in individual 
summer populations can be identified from this table. For 
example, five states (Michigan, Ohio, Louisiana, Indiana, 
and Mississippi) accounted for 69.0 percent of the harvest 
of immatures banded in the Lake States Reference Area. The 
five most important harvest states for other reference 
areas are outlined in Table 9, The tendency for northern 
immatures to be harvested in northern states, while 
northern adults contribute prominently to the harvest in 
southern states is also demonstrated in Table 9.
Table 10 summarizes the reference-area distribution 
patterns of adult and immature wood ducks. Based on 
weighted averages of the four northern reference areas, 
approximately 61 percent of the immatures banded in a 
northern reference area were harvested by states within that 
area, 9 percent were harvested by other northern reference 
areas, and 30 percent were harvested in southern reference 
areas. The average distribution pattern for adults banded 
in the four northern reference areas was 44 percent har­
vested within the reference area of banding, 7 percent har­
vested in other northern reference areas, and 49 percent 
harvested in southern reference areas. In contrast to 
northern-banded wood ducks, those banded in the Southern













A 1 A I A I A : A I A I
Connec t icut 1 .1 2.0 0.0 T 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
I) elaware 2.1 1.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0,0 T 0.0Florida 1.1 4.3 8.6 5-2 30.1 27.7 :.c - .4 3.2 5.4 1.6 0.7Georgia 10. 3 6. 3 11.3 5.0 28.1 22.0 6. 7 3,6 6.5 4.2 1 - 5 0.4Maine 8.0 13.7 T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Maryland 0.6 0.6 0.3 T 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0Massachusetts 6.5 4.6 0.7 T 0.0 0.0 0.0 T 0.0 0.0 0.0 0.0
Sew Hampshire 5.4 7.5 0.0 T 0.0 0.0 0.0 0.0 0.0 0.0 O.C 0.0New Jersey 6.4 4.7 0.9 1.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0Mew York 2.0 1.9 15.4 14.2 0.0 0.0 0.' 0.0 0.0 0.0 0.0 0.0North Carolina 8.1 7,3 5.6 5.4 13.8 15.4 I . u 1.2 0.0 0.9 0.2 0.2Pennsylvania 7.1 13.9 3.4 3.0 0.0 0.0 0. 3 0.0 0,0 0.0 T T
Rhode Island u 0.5 0.0 T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0South Carolina 14.0 8.7 6.7 6.0 17.7 26.7 3.2 2.4 0.0 1.3 0.6 0.2Vermont **.9 6.4 0.0 T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Virginia 1.6 1.5 1.5 2.6 0.0 2.4 0.0 0.2 0.0 0.0 0.0 0.0West Virginia 2.7 2.3 0.0 T 0.0 0.0 0.5 T 0.0 0.0 0.0 0.0Atlantic Flyuay 89-3 89.0 54.4 43.1 89.9 94.2 19.9 11.8 10.1 11.8 3.9 1.5Alabama 2.8 3.7 2.5 1.8 3.7 1.5 5.9 5.2 14,9 13.5 3.1 1.4Arkansas 0.8 T 0.9 0.6 0.0 0.3 i ~ 3.4 9.2 11.4 8.6 5.1Illinois 0.0 T 0.0 0.0 0.0 0.0 2 . 3 4.1 0.0 0.4 8.5 9.0
Indians 0.0 0.0 4.0 0.0 0.0 0.0 5.8 3.6 0.0 0.3 0." 0.1Iowa 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.1 0.0 7 .5 8.7
Kent ucky 0.2 T 0.0 0.0 0.0 0.0 0.7 0. 3 2.2 1.4 0.2 T
Louisians 1.2 1 . 1 1.5 2,2 2.1 1 . 9 13.7 3.7 27.2 31.2 17.7 11.6Michigan 0.6 T C.7 0.5 0.0 0.0 15. 1 32. i 0.1 0.0 0.5 0.2




'll r.nesc t a 0 . 0 0 . 0 0 . 0 0.5 0 . 0 0 . 0 0. J 0 . 0 0 . 0 0 . 0 9.8 19.7
Mississif p l 0 . 2 0.3 4 . 5 1.1 2.1 i . 4 S.-, 6 . 2 2 1 . 1 16.0 7.9 3.
Hissour i 0 . 0 T 0 > 0.1 0.0 0 . 0 0,6 0 . 6 0.2 T 5.5 5.6
uhio 0.2 1.2 0. 7 0 . 6 C.O 0 . 0 13.4 13.4 0.0 0 . 0 0.3 0. 3
Tennessee 0.5 1.3 0 . 1 0. 3 2.0 0 . 0 2.0 0.4 3.5 1.5 1.2 1.1
W 1 scons in 0.0 0 . 0 0 . 0 0.0 0 , 0 0 . 0 2.8 2,6 1.2 0.3 16.6 25. 5
Mississippi Flyway 6.6 8.2 12.9 8.6 9.9 5.7 76.7 85.5 79. 7 76.1 87.9 91 . 3
Texas 0.0 r 0.9 c . o 0.0 0 . 0 1.6 1.6 10.2 12.1 8.1 . i.
Central Fiywuy 0.0 T 0.9 0.0 0 . 0 0.0 1.6 1.6 10.2 12.1 8.1 ' . 2
Ontario 1.1 0 . 2 26. 1 40.7 0.1 0.0 1.7 0.9 0.0 0.0 0.0 T
Q u e b e c 2.5 2.3 5.2 7.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Canada 3.8 2.5 31.5 48.0 0.1 0.0 1.7 0.9 0.0 0.0 0.0 T
Total 7, 99.7 99. 7 99.8 99.7 99.9 99.9 99.9 99.8 100.0 100,0 99.9 100.0
^Based on the average of three sources of weighted direct recoveries for A (Adults) and 1 (Immatures).
‘Percentages less than 0.11 are Indicated by I.
^Flyvay values were calculated separately using larger volumes of data and do not necessarily correspond to column sums.
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"Ail . nr r a: : tst r i -t ion if adult and imwtjfe -c r .1 ducks banaeti Mav-Sep tember , 1950-68 <t>ased nn ar. average weighting factor for
; i re t re rver ies i 1
» ̂ rtneastem Sew i' c r k -■ - E. -.anadu So u t h e a s t e r ", Lake States So ut her n Her th Cen t r a 1
“ ̂ r - ? 5 p_ c . A i w T A * A ' A 1
\cr: he as;er~ - 5 ■ 58.9 5.1 ' . 0 0 , 1 7 0 . 8 ~ 0 . - 0 . 0 T I
L, 5.9 <4 . H 46.4 62. 2 0 . 2 0 . 0 2.4 . 9 0 . 0 0 . 0 0 . 0 T
So -j: ne astir il . 8 28.1 33.9 21 . 6 89.6 94, 2 18.5 11.3 9.7 1 1 . 8 4.0 1.5
Ca f<e is: a n 0,9 1.3 2 . ' 1.4 0 . 0 0 . 0 37.4 5-. 1 0 . 0 0 . 2 1 .4 0 . 8
Si" ai  r,t r * 5.7 7.2 1 0 . " 6 . 2 1 0 .] 5.8 34.9 2 5.4 8 8 . 3 8 ?. 0 46.; 29.3
■u r ■ - '.ir-.ri* T T 0 . ’ 1 . 6 0 . 0 0 . 0 6 . 0 7 . 3 1,5 1 . 0 47.8 6 8 ,4
1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 , 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
At a ant i: F*vvay 89.4 89.1 54. 3 43.2 89.9 94,2 19.9 1 2 . 0 1 0 .l 1 1 . 8 3.9 1.5
Mississippi riyw*y 6. 7 8.3 12.9 8.7 9.9 5.0 77.0 85-6 79.7 76.1 87.9 91.2
Central FIyvay^ 0.0 T 1 . 0 0 . 0 0 . 0 0 . 0 L.4 9 4 J. a • 10.2 1 2 . 1 8.2 7.2
Canaw a v 3.9 2.5 31.6 48.1 0.2 0.0 1.7 0.7 0 . 0 0.0 0.0 I
i V ' d . 1 0 0 . 0 1 0 0 . 0 100.0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 100.0 100.0 1 0 0 . 0
■ Expressed as percentage* for A (adults) and I (inunaturesj . T equal to less than 0.11 
-Te/as was the only state tabulated.
'0: tp,. ieu of eastern Ontario and southern Quebec.
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and Southeastern Reference Areas and shot during the first 
hunting season after banding were harvested almost ex­
clusively (97 percent) in southern states.
The unweighted percentage distribution of 730 re­
coveries (direct and indirect) of wood ducks banded between 
December and March 1950 through 1968 are described in Table 
11. Approximately 77 percent of the adult wood ducks banded 
in the Atlantic Coast Reference Area were harvested in the 
Atlantic Flyway as compared to only 12 percent of the Gulf 
Coast adults. Most of the Gulf Coast adults (54 percent) 
were recovered in southern states of the Mississippi Flyway.
Harvest Derivation
The reference-area origins of immature and adult wood 
ducks harvested in states, flyways, and other harvest areas 
as determined from the average of three different sources 
of weighting factors are revealed in Tables 12 and 13. On 
the average, only 9 percent of the immatures harvested in 
the Atlantic Flyway were derived from reference areas of 
the Mississippi Flyway, and less than 8 percent of the im­
matures harvested in the Mississippi Flyway originated 
from Atlantic Flyway reference areas. The adult harvest 
derivation displayed a similar pattern with an approximate 
10 percent interchange between flyway reference areas.
Most of the interchange which did take place occurred at 
the southern end of the flyways.
The reference area derivation of harvest for adult
TABLE 11.— Distribution of unweighted total recoveries from wood ducks banded Decmber-March, 1950-68. 
timbers represent percentages of unweighted recoveries from winter reference areas to 
breeding reference areas^
BREED nc AREA WHERE RECOVERED











Atlantic Coast 5.6 5.3 11.8 12.7 16.3 48.3 100.0
Gulf Coast 26.1 6.6 54.4 0.6 3.9 8.4 100.0
^tosed on a total of 730 recoveries.
<Tiid
ini!.-. . . . - i vat: _-r. „: narveit :--r i~~aî re -"z • d Juckŝ
Popular i.'tt-lnit O r i g i n  I - ' -
n a T V t  > t 
Are * ■ rtheasterr,
Sew ': j r* - 
r.. Canada Scat heas t (■ rr. Lake states Southern Snrth Central
Total
Percent
r.t'ec 9 7. i ; 0.0 ,; r, 0.0 100.0
83.0 1 < . 0 0.0 0.0 0.0 0.0 100.0
FI U . O 18.8 -3 .8 9.. I :. 5 3.6 99.9
r fcia 22.1 19. 9 jfl . 6 3. 3 S , 7 2. * 100.0
Saine 100.0 0.0 0.0 0.0 0.0 0.0 100.0
'tar,. »a-: 90. 7 a r i 0.0 o .c 0.0 0.0 100.0
.i4iSiaCn^S€tt.a 98.0 1 . 1 0.0 0. 7 0.0 o.n 100.0
■*ew -.a-psrdre 9S.9 i. . k 0.0 0.0 0.0 0.0 100.0
New Jerst'. 72.5 27.5 0.0 0.0 0.0 0.0 100.0
New V : r k 11.1 88.9 0,0 0.0 0.0 0,0 100.0
Vrrth Carolina 32.1 26.7 33.9 i . 6 : . : 1.5 100.0
fennsylvania 80.7 18.5 0.0 0,0 0.0 0.8 100.0
Rr.oae island 91.5 8.5 0.0 0,0 0.0 0.0 100.0
ir a t n Carolina 27.8 21. 5 42.1 5.0 2.5 1.0 99.9
Vermont 99.4 0.6 0.0 0.0 0.0 0.0 100.0
Virgin ia 25.5 50-5 21.3 2.7 0.0 0.0 100.0
*'«st Virginia 94.5 2.8 0.0 2.7 0.0 0.0 100.0
At.antic Flyvay 44,2 24.2 23.2 4.1 3.1 1.1 99.9
A .atidna 18.3 10.5 3.7 V . 2 39.2 11.0 99.9
Atmr.sa.i 0.4 3.5 0.9 11.6 38.5 44. 7 99.8
11. ini; i 5 0.1 0.0 0.0 16.1 1.6 82.3 100.1
. r.i .ana 0.0 0.0 0.0 95.4 3.8 0.7 99.9
1, wa 0.0 6.2 0.0 0.0 0.0 93.8 100.0
i\en l .c f  * 12.2 0 . 0 0.0 21.5 55.0 11.2 99.9
—' s iana 2. 5 5 . 0 1.9 11.6 40.3 38.6 99.9





Popular ion -Unit Origin (2)^
Northeastern
New York - 
E. Canada Southeastern Lake States Southern North Central
Total
Percent
Minnesota 0.0 2.0 0.0 0.0 0.0 98.0 100.0
Mississippi 3.6 5.8 4.7 10.4 45.8 21.8 100.1
Missouri 0.2 0.9 0.0 3.8 0.4 94. 7 100.0
Ohio 12.9 6.0 0.0 77. 2 0.0 4.0 100.1
Tennessee 28.8 6.9 0.0 5.6 20.7 38.1 100.1
Wisconsin 0-0 0.0 0.0 4.0 0.5 95.6 100.1
Mississippi Flyway 3.0 4.0 1.0 20.0 18.0 54.0 100.0
Texas 0.3 0.0 0.0 5.2 37.5 57.0 100.0
Central Flyvay 0.3 0.0 0.0 5.2 37.5 57.0 100.0
Ontario 0.6 98.1 0.0 1.2 0.0 0.2 99.9
Quebec 24.6 75.6 0.0 0.0 0.0 0.0 100.0
Canada S.O 94.0 0.0 1,0 0.0 T 100.0
1Expressed as a percent end baaed on weighted direct recoveries froe bandings In Hay-September, 1950-66. 
-Percentage* lee* than 0.1Z are indicated by T.
TABLE .3.--3erivat ion o: harvest for adult wood jui_ks‘
Fopulat ion-Unlt Origin f 7.1-
Harvest
Area Northeastern
New icrn - 
E. Canada Southeastern Lake States Sou:hern North Central
Tots 1 
Percent
Conne. ticut 100.0 O.C 0.0 0.0 2.0 0.0 100.0
Delaware 94.6 0.0 0.0 0.0 0.0 5.4 100.0
Fior iaa 14 .4 20.0 47,2 8.4 M , 2 4.9 100.1
Georgia 17.0 24, 3 38.7 7.1 8.9 4.0 100.0
Maine 97.8 2 - 0.0 0.0 0.0 0.0 100.0
Maryland 50. b 24.9 0.0 0.0 v 4 . -4 0.0 99.9
Massach use t ts 87.0 1 3.0 0.0 0.0 O.C 0.0 100.0
Sew Hampshire 100.0 0.0 0.0 0.0 0.2 0.0 100.0
Sew Jersey 81.9 16.4 1.7 0.0 0.0 0.0 100.0
New York 9.8 87.9 0.0 2.2 0. c 0.0 99.9
North Carolina 29.0 24.5 41.9 3.3 0.0 1.3 100.0
Pennsylvania 60.4 36.4 0.0 2.0 0.0 1.1 99.9
Rhode Island 100.0 0.0 0.0 0.0 0.0 0.0 100.0
South Carolina 36.1 20.7 35.5 5.5 G.O 2.2 100.0
Vermont 100.0 0.0 0.0 0.0 0.0 0.0 100.0
Virginia 46.6 53.4 0.0 0.0 0.0 0.0 100.0
West Virginia 88.7 0.0 0.0 11.3 0.0 0.0 100.0
Atlantic Flyway 34.0 26.0 29.0 4.0 -.0 3.0 100.0
Alabama 9.1 10.7 10.1 12.4 -1.0 16.8 100.1
Arkansas 3.2 4.5 0.0 6.6 30.4 55.3 100.0
111ino is 0.0 0.0 0.0 10.1 0.0 89.9 100.0
Indiana 0.0 26.6 0.0 55. 5 0.0 17.9 100.0
Iowa 0.0 0.0 0.0 0.0 0.9 99.1 100.0
Kentucky 7.4 0.0 0.0 15.1 65,6 11 .9 100.0
Louisiana 1.8 2.8 2.8 13.1 3-. 9 44.6 100.0
Michigan 4 .6 6.5 0.0 82.3 0.7 5.9 100.0
-oto
la: t  6 I
ifea Northeast err,
New v ’rk -
F, C-naJJ Southeastern '.IKe- '•Lj're? Scut hern N o r m  Central
Total
Percent
.■! i r ",c ■» T_ ai 0.0 0.0 0,0 0.0 9 8.6 100.0
:\ 1 S S ; ̂ -4 * t> p L 0.6 11. i 4.1 12.3 39 . 9 29,9 100.1
-r . 0,0 e.- 0.0 3. J 2.0 66.2 99.9
-.it. 2.a a. j 0.0 9- . n 0.0 99.9
6.6 1 . s 20. 3 15.1 34. 3 2:.a 99.8
* * s - - -. i : rL 0.0 0. G 0.0 5.9 3.6 90.6 100.0
Flyway 2.0 6.0 3.0 17.0 23.0 50.0 100.0
7 e /. a = 0.0 a . b 0.0 -.0 35.6 55.5 99.9
Centra. FI w a v 0.0 i.d 0.0 -.0 36.6 55. 5 99.9
Intar it 3, 7 92.3 0.3 3.2 0.0 0.0 100.0
;uecec 29.4 70.6 0.0 0.0 0.0 0,0 99.9
Canada 9 0 88.0 I 3.2 0.0 0.0 100.2
'Expressed as a percent and based on weighted direc t recoveries from bandings in Hay -September, 1950-68.
"C'ercentages less than 0.12 are indicated by T.
-JU)
74
and immature wood ducks based on an average weighting factor 
for direct recoveries is shown in Table 14. Northern refer­
ence areas derived most of their immature (92 percent) and 
adult (88 percent) harvest from locally produced wood ducks, 
but southern areas derived only 40 percent of their harvest 
from native birds. Few wood ducks banded in the Southern 
and Southeastern Reference Areas were recovered in northern 
regions during the first hunting season after banding; con­
versely, more than 57 percent of the harvest in southern 
areas was composed of northern-banded wood ducks.
Harvest Timing
The monthly porportion of the wood duck harvest, as 
derived from all sources, occurring in each region and 
flyway is given in Tables 15 and 16. There is a general 
"flyway" pattern in which the harvest is highest in October 
(50.0 percent), drops in November (20.0 percent) and 
December (26.0 percent), and reaches a low in January (3.0 
percent). Reference-area harvest periods vary from this 
flyway pattern as demonstrated by northern areas where the 
October harvest is very large (84.0 percent), a substantial 
drop occurs in November (15.0 percent) and December (0.6 
percent), and practically no harvest occurs in January. In 
southern reference areas, virtually no harvest occurs in 
October, harvest is moderate in November (32.0 percent), 
with a peak in December (59.0 percent) and another low in 
January (8.0 percent).











New York - 
E. Canada Southeastern Lake States Southern North Centra 1 lotal Percent
A I A I A 1 A I A I A I A I
Northeastern 85.1 91. 3 12.5 8.4 3.2 T2 1 . 0 T 0.6 0 . 0 0.4 0 . 2 100.0 100.0
New York-E.Canada 8,9 6.2 88.6 92.9 0.1 0,0 2,4 0 . 8 0 . 0 0 . 0 0.0 0 . 1 100.0 100.0
Southeastern 21 . 1 23,8 21. 7 22.3 41.9 39. 3 6,3 6.6 4 .5 5.9 3.5 2.1 100.0 100.0
Lake States 2.9 3.4 11.0 3.2 0 . 0 0.0 78.0 91.0 0.3 0.5 7.8 1.9 100.0 100.0
Southern 2.7 5.4 6.1 4.8 i* * a. 2.3 10.5 12.4 36.1 39.4 40.4 35.7 100.0 100.0
North Central 0.0 T 0.9 1.4 0 . 0 0.0 4.4 3.6 1.5 0.4 93.2 94.3 100.0 100.0
1Expremeed as • percent and based on weighted direct recoveries from bandings in May-Septe*ber 1950-68.
^Percentages less than 0.11 are Indicated by T for adults (A) and innatures (I).
-JVI
7A8LL - j.--Monthly uccurrence oi t he harvest within a reference area or : Ivway 'pertai;within reference rrea bound a r ies--has-id on 19a,-6B harvest s jrvey data’
1 mnature Ma 1 rBUtrwi i _______
Area uct. N’ l . . dec . Id.n. ,'t .'.rT̂ " :Jt -;
N-.rt heastern hi. 7 11 . 5 1 . 9 0.. 100.0
Southeastern 0.3 39. J 50. 3 9.1 1.0 1 00. 0
At 1 untie Flyway 11. 6 25.: 27.2 5. 2 0.8 100. o
Ne» York - E.Canada^ 81 .6 16.7 0.5 0.5 0. ' 100.0
Nurth Central 81.7 16.8 0.5 0.0 i . j 100.0
Lawe States 83.0 15.2 0.4 0.1 1 . 3 100. c
Southern 0.0 21.8 67.8 6.4 1.0 100.0
Mississippi Flywsy 50.2 20.0 26.2 2.6 1.0 100.c
^Non-hunting season months.
■>
“■Canadian data were lacking; therefore, only New York data were tabulated
cr.lv to the harvest of immature wood ducks Sagged
Immature Femalei )
>ct. Nov. Dei . Jan. Other Totalr.)
S6 . 5 11 . C 0.9 0.3 0.9 100.0
0.8 -0.B -8.9 8.5 1.0 100.0
47.6 23, 7 23.w 4 .3 1 .0 100.0
81.0 16.8 0.2 0 .4 1.6 100.0
82.0 15.0 0. 7 0.0 1.3 100.0
80.5 i s . : 0.2 0 . 1 1.1 100.0
0 .0 25.7 65. 7 7 .6 1 . 0 100.0
56.2 19.0 20.7 2.8 1.3 100.0
-J<T>
1ABLE ib.--Montnly occurrence of cne harvest within a reference area or flyvay (pertains only to the harvest of adult wood ducks bagged
within reference area boundaries--baseJ on 1962-68 harvest survey data)
Reference
Area
Ad u 11 Na 1 e i" '' Adult hetna le C- i
wet. Nov. Jec . Jan . wtnerl 1 ^ 1 0c t . Nov . Dec . Jan. Other w  .
Northeastern 8b. 7 i o . e 1.5 0 . w 0 . 8 100.0 84.  1 14,-+ 1.1 0.1 0.  3 100.0
Southeastern 0. 3 38.1 50.6 10. 0 0 . 8 100. 0 1 . 3 39. I 30.4 8.1 1.1 100.0
Atlantic Flyway 34. 1 26.1 32.2 b.B 0. 6 100.0 37.4 27.1 29.4 5.1 1.0 100.0
Hew York - E.Canada^ 85.2 14.0 0 . 0 0.0 0.8 100.0 77.4 21 .6 0 . 0 0.0 1.0 100.0
North Central 81.7 15.5 0. 5 1.0 1.3 100.0 81.  * 17. 8 0. 2 0 . 0 0 . 6 100. 0
Lake States 83.9 14.5 0.5 0.1 1. 0 100.0 83.1 15.1 0 . 5 0.1 1.2 100,0
Southern 0. 0 25.2 66. 0 8. 1 0 . 7 100.0 0 . 0 21.4 71.7 6 . 3 0 . 6 100.0
Mississippi Flyway 40.5 21.4 33.1 4.0 1.0 100.0 48.7 19-8 28.8 2.2 0.5 100.0
^■Hon-huncing season Months.
’Canadian data were lacking; therefore, only New York data were tabulated.
-J-J
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The tendency for a larger percentage of the imma- 
tures to be harvested in northern reference areas has al­
ready been documented (Table 9). Harvest distribution 
differences between adult males and adult females are demon­
strated in Table 17. In most instances, adult females were 
dominant in the October and combined October-November har­
vest, while adult males dominated the harvest during
2Docember-January periods (X = 12.35; d.f. = l;p<0.01).
Direct Recovery Rates
Aqe and Sex Differences
Direct recovery rate estimates by age and sex for ten 
states are shown in Tables 18 and 19. When tested by a 
least squares analysis of variance test, there were signifi­
cant differences in recovery rates among the four age-sex 
groups (F = 20.34: d.f. = 3,51; p< 0.01). Specific com­
parisons revealed that immatures had the highest recovery 
rates (F = 35.10: d.f. = 1,51; p i  0.01). Comparisons of 
adult males versus adult females and immature males versus 
immature females suggested important differences between 
sexes; males were more likely to be recovered (F = 5.31: 
d.f. = 1,51; p <0.05 and F = 20.02: d.f. = 1,51; p<0.01).
population Differences
When tested by Chi-square procedures, data in Tables 
18 and 19 suggest a higher proportion of band recoveries










North Central AM 0.1 43.2 18.2 33.4 5.1 100.0 958
AF 0.6 45.0 24.1 28.0 2.3 100.0 481
Lake States AM 0.7 36.7 20.4 36.0 6.2 100.0 275
AF 0.6 45.3 19.4 30.0 4.7 100.0 170
New York-E.Canada AM 7.7 51.1 14.4 21.1 5.7 100.0 209
AF 4.3 60.6 16.0 12.8 6.3 100.0 94
Northeastern AM 2.3 47.2 21.8 23.1 5.6 100.0 390
AF 3.5 47.0 21.8 22.7 5.1 100.1 256
Northern Regions^ AM 2.4 44.9 18.5 28,8 5.5 100.1 1,832
AF 2.1 49.0 21.0 23.7 4.2 100.0 1,001
■̂Based on weighted recoveries for adult males (AM) and adult females (AF). 
^Weighted average of the four regions.
>ivO
TABLE 18.— Direct recovery rates for immature wood ducks banded May-September, 1950-68
Banded In









Alabama 48 .0445 17 .0204
Illinois 549 .0611 427 .0543
Indiana 129 .0598 82 .0438
Iowa 498 .0814 375 .0715
Louisiana 42 .0549 24 .0281
Michigan 106 .0914 56 .0663
Minnesota 231 .0678 170 .0650
Mississippi 35 .0411 13 • *
Missouri 151 .0555 107 .04 46
Ohio 263 .07 34 200 .0651
Tennessee 227 .0471 201 .0417
Wisconsin 705 .0891 539 .0818
Mississippi Flyway 2,984 .0667 2,198 .0560
(.0168) (.0197)
Maine 146 .0972 110 .0920
Massachusetts 37 .0684 21 .0434
New York 348 .0764 271 .0692
Pennsylvania 15 .0857 11 i « «
South Carolina 112 .0493 41 .0258
Vermont 408 .0972 360 .0873
West Virginia 53 .0540 51 .0510
Atlantic Flyway 1,119 .0748 723 .0602
(.0178) (.0247)
Ontario 95 .0979 64 .0800
^-parenthesized numbers Are standard deviations.
TABLE 19.— Direct recovery rates for adult wood ducks banded May-September, 1950-68
Banded In









Alabama 22 .0374 17 .0333
Illinois 121 .0560 136 .0445
Indiana 79 .0447 38 .0329
Iowa 84 .0551 83 .0779
Louisiana 14 .0454 11 .0296
Michigan 126 .0568 34 .0537
Minnesota 229 .0501 47 .0357
Mississippi 10 .0279 10 .0188
Missouri 88 .0453 91 .0412
Ohio 70 .0499 98 .0445
Tennessee 65 .0453 46 .0340
Wisconsin 438 .0581 124 .0564
Mississippi Flyway 1,346 .0478 735 .0409
(.0096) (.0141)
Maine 115 .0634 30 .0521
Massachusetts 30 .0605 64 .0653
New York 118 .0610 68 .0549
Rhode Island 0 0 21 .0383
South Carolina 81 .04 36 34 .0297
Vermont 187 .0815 94 .0674
West Virginia 21 .0654 20 .0483
Atlantic Flyway 552 ,0606 331 .0512
(.0101) (.0120)
Ontario 86 .0680 23 .0652
^Parenthesized numbers are standard deviations.
8 2
for wood ducks banded in the Atlantic Flyway as compared 
to wood ducks of the Mississippi Flyway (p< 0.01), but fly­
way differences in the recovery of immature females were not 
significant (p> 0.05).
Reference area recovery rates by age and sex are 
summarized in Tables 20 and 21. Recovery rates for adults 
ranged from a low of 0.0258 in the Southern Region to a 
high of 0.0666 in the Northeastern Region. Immature rates 
varied from 0.0250 in the Southern Region to 0.0914 in the 
New York-Eastern Canada Region.
Tables 18 and 19 were also used to compare recovery 
rates for three geographical zones: Zone l--states above
42° north latitude (Iowa, Maine, Massachusetts, Michigan, 
Minnesota, New York, Ontario, Vermont, and Wisconsin);
Zone 2— states between 37° north and 42° north latitude; 
and Zone 3--states below 37° north latitude (Alabama, 
Louisiana, Mississippi, North Carolina, South Carolina, and 
Tennessee). Chi-square tests for each age-sex class were 
conducted to discern significant zonal differences in pro­
portion of recovered birds. The proportion of recoveries 
for Zone 3 (southern states) were lower in every comparison 
with Zone 1 (pi 0.01), and again in every comparison with 
Zone 2 (p<0.01) with the exception of adult males (p>0.20).
The proportion of recovered birds for Zone 1 (northern 
states) significantly exceeded the recoveries for Zone 2 
and Zone 3 in every comparison (p< 0.01).
TABLE 20.— Weighted regional direct recovery rates for immature wood ducks banded May-September, 1950-68
Banded In









North Central Region 2,134 .0726 (.0122) 1,618 .0665 (.0122)
Lake States Region 498 .0785 (.0136) 338 .0599 (.0099)
Southern Region 352 .0465 (.0053) 242 .0250 (.0064)
Mississippi Flyway 2,984 .0667 (.0126) 2,198 .0561 (.0166)
Northeastern Region 659 .0827 (.0160) 542 .0718 (.0216)
N.Y.-E. Canada Region 44 3 .0914 (.0099) 335 .0767 (.0050)
Southeastern Region^ 112 .0493 (.0000) 41 .0258 (.0000)
Atlantic Flyway^ 1,214 .0824 (.0137) 918 ,0675 (.0178)
^■Standard deviations are parenthesized.
n‘■Only one state. South Carolina, was considered. 
■^Includes N.Y.-E. Canada Region.
00u>
TABLE 21.— Weighted regional direct recovery rates for adult wood ducks banded May-September, 1950-68
Sanded In









North Central Region 960 .0531 (.0046) 481 .0474 (.0123)
Lake States Region 275 .0519 (.0052) 170 .0460 (.0087)
Southern Region 111 .0357 (.0076) 84 .0258 (.0066)
Mississippi Flyway 1,346 .0478 (.0078) 735 .0409 (.0097)
Northeastern Region 353 .0666 (.0074) 229 .0568 (.0081)
N.Y.-E. Canada Region 204 .0659 (.0033) 91 .0620 (.0048)
Southeastern Region^ 81 .0436 (.0000) 34 .0297 (.0000)
Atlantic Flyway^ 638 .0636 (.0072) 354 .0567 (.0100)
^"Standard deviations are parenthesized.
^Only one state. South Carolina, was considered. 




The relative vulnerability to shooting for age-sex 
classes is outlined by reference areas in Table 22. For 
adults and immatures, male wood ducks in every region were 
more vulnerable than females. Weighted flyway averages for 
the eastern United States show adult males as being 1.14 
times more likely to be shot than adult females and imma­
ture males 1.20 times more vulnerable than immature fe­
males. The estimated relative vulnerability of immatures 
to adults in the eastern United States was 1.31.
Survival
Adults
Estimated annual and average annual survival rates 
for adult male and adult female wood ducks banded during 
the spring and summer 1960 through 1968 are presented for 
individual states in Table 23. Adult comparisons revealed 
a lower female survival rate when comparisons were made 
for ten states with adequate banding data ft = 2.76: d.f. * 
9; p < 0.05). The lowest adult female survival was exhibi­
ted by Vermont (33.8 percent) and Wisconsin (37.4 percent), 
northern states whose native wood ducks were subjected to 
a procession of opening, hunting-season dates and continu­
ous gunning pressures as they migrated south. Adult male 
survival lows were also prominent in northern areas; for 
example, Ontario (47.6 percent) and Vermont (48.0 percent).
Rcference-area survival estimates for recent bandings
TABLE 22.— Relative vulnerability for different age and sex classes of wood ducks banded in breeding 
reference areas, 1950-68
Banded In
direct Recovery Ratesl Relative Vulnerability
AM AF IM IF Ad. 1mm. AM/AF IM/ IF I/A
North Central Region .0531 .0474 .0726 .0665 .0503 .0696 1.12 1.09 1.38
Lake States Region .0519 .0460 .0785 .0599 .04 90 .0692 1.13 1.31 1.41
Southern Region .035? .0258 .0465 .0250 .0308 .0357 1.38 1.86 1.16
Mississippi Flyway .0478 .0409 .0667 .0561 .0444 .0614 1.17 1.19 1.38
Northeastern Region .0666 .0568 .0827 .0718 .0617 .0773 1.17 1.15 1.25
N.Y.-E. Canada Reg ion .0659 .0620 .0914 .0767 .0640 .0841 1.06 1.19 1.31
Southeastern Region .0436 .0297 .0493 .0258 .0366 .0376 1.47 1.91 1.02
Atlantic Flyway .0636 .0567 .0824 .0675 .0602 .0750 1.12 1.22 1.24
All Regions .0554 .0485 .0742 .0616 .0514 .0675 1.14 1.20 1.31
^(Adults), I(Immatures), M(Hales), F(Females).
oo<Ti









Rec .I960 1961 I960 1963 1944 1965 1966 1967
Alabama M 44, *4 44.4 31
( - ) ( - J ( - ) ( - ) ( - ) ( - ) ( - ) ( - ) ( - )
Illinois M 50.9 47.0 65.0 44.6 81.2 57.7 182
( - ) «' - ) ( - ) (13.3) (11.5) (15.0) (15.2) (35.4) (15.3)
F 87.8 21.3 57.5 63.5 32.9 55.3 53.0 194
{ - ) ( -  ) (30.1) ( 6.6) (15.6) (17.2) (12.3) (26.6) (23,5)
Indiana n . 55.8 70.9 30.5 95.1 64.6 24.9 57.0 95
( - ) < - i (20.2) (30.1) (12.4) (33.4) (25.3) ( 9.9) (26.2)
Iowa M . 42.1 56.2 36.5 56.8 61.1 50.5 141
C - ) I - ) (17.5) (15.4) (11.8) (16.8) (19.7) ( - ) (10.6)
F a ► * 4 35.4 38.2 57.5 * 4 4 ■ 4 a 43.7 69
( - > ( - ) ( ' ) (12.1) (17.4) (22,7) ( * ) ( ' ) (12.0)
Maine M 95.8 48.9 53.8 67.9 37.8 50.8 131
( ' ) (17.3) (12.1) (15.4) (22.7) (14.1) ( ~ ) ( - ) (11.2)
Michigan M 57.9 37.9 41.0 61.1 45.7 44.1 47.9 133
( ~ ) ( - ) (25.7) (15.8) (14.2) (16.8) (14.6) (12.6) ( 9.4)
Hianeaoca M 53.5 54.4 53.0 59.5 56.5 49.0 54.3 360
C - ) ( - ) (11.0) (10.3) (10.9) (12.8) (11.6) ( 9.6) ( 3.5)
F • * , r , * 4 ■ 19.7 81.2 64 . 6 26.0 47.9 46
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A v g .
Surjjv,,
So. 
Ree .I960 1961 1962 1963 1964 1965 1966 1967
Veracnc M 28. , 53.5 79,7 39.9 42.9 44.3 48.0 143
(11 . 2 ) (16.2) (2b.4) (15.4) (16.4) (15.0) ( - ) ( - ) (17.1)
r 19.6 . . . 22.9 46.0 46.7 33.8 54
(10.3) < - ) ( - ) ( - ) (14.,) (19.3) (20.4) ( - ) (14.6)
WiscORSl.'. S 66. 4 43.6 50.4 57.6 50.0 53.1 53.5 665
( - > ( - ) ( 8-5) ( 7.1) ( 8.-0 ( 7.8) ( 7.1) ( 12 . 2 ) ( 7.8)
F * 47.0 51.6 ,1.8 27.2 19.8 37 .2 37.4 170
( - ) ( - ) ( 11 . 8 ) (18.8) (18.8) ( 10 . 0 ) ( 7.8) (19.4) ( 12 . 1 )
^Parenthesized numbers are *c*ndard deviations.
2.'I (naie*), P (female*).
00
90
are demonstrated in Table 24. Average, adult female survi­
val rates ranged from 49.1 percent in the Northeastern Area 
to 7 4.7 percent in the Southeastern Area. Adult male rates 
were highest in the Southern Area (60.7 percent) and low in 
the Northeastern Area (52.1 percent).
Survival estimates for an early time span (1949 
through 1962) are summarized in Table 25. The Northeastern 
Reference Area possessed survival data that allowed com­
parisons of recent and early survival rates. Statistical 
tests for adult males (t = 0.035: d.f. = 17; p > 0.50) and 
adult females (t = 0.269: d.f. = 12; p > 0.50) revealed no 
significant differences in survival between early and 
recent banding periods.
Summary of Adult Estimates
Early, recent, and selected recent survival rates 
calculated not only by weighting and averaging state esti­
mates, but also by compiling all banding and recovery data 
pertaining to each reference area are summarized in Table 
26. Based on selected recent-rate composite estimates, 
survival rates (with one standard error) for adult males 
and adult females of the Mississippi Flyway were 56.2 
(il.93) percent and 51.5 (12.70) percent, respectively.
Survival estimates for adult males and adult females of 
the Atlantic Flyway were 53.4 (±0.69) percent and 48.7 
(±0. 25) percent. Adult female estimates in the Atlantic 
Flyway were probably too low, due to a lack of survival
T A B L E  .- - R e t e r e n c  e -■rea s u r v i v a l  e s t i m a t e s  f o r  a d u l t  w o o d  d u c k s  b a n d e d  M a y - S e p t e m b e r , 19606 ? ( A t l a n t i ;  r l w a v '  a n d  1962-69










NF Y - S . 0 49,8 3 3. 2 60. 1 54. 1 ^4 -6.6 56.8 52.1 44 9
13.-.) 1 9.4) I 9,2) (12,0) (11.61 ( 9.0) (11.3) (14.7) < - ) ( 5.8)
- 1'. S 7 6, 3 27.3 5-. 1 59, 1 35.6 32.8 79.4 49.1 2 43
i 12.1) (23.0) ( 8.4) i14.4) (16.6) (10.1) (10.1) (26.7) ; - ) { 2 1 . 2 )
NT - - M ' ? . ■+ CO k-r> 35. 5 67. 0 51.8 63. u 44.1 57. n 52.8 326
r.. Canada ;c. 3) (24,1) ( 9.7) i17.8) (12.2) (11.1) ( 9.1) (16.4) < -  ) (20.8)
F 25. 6 73.8 56.4 39.8 50.0 49.5 48.4 93
< - ) ( - ) (13.8) (32.1) (22.5) (16.1) (18.7) (20.9) (■ - ) ( 16.2)
S£ Y :a.i 38.1 67. 4 42. 5 77.8 54.8 88
(17.4) (17.1) (13.2) ( - > ( - ) (18.0) (33.3) ( - > < -  ) (19.7)
F 62.1 82.7 79. 3 74.7 50
(28.9) (32.2) (26.1) ( - ) < - ) ( - ) ( - ) ( - ) ( - ) (11.0)
LS « 52.2 59.4 42.8 78. 3 48. 5 37.9 . 53.2 363
( - ) ( - ) (11.1) (12.1) ( 8.7) (13.5) ( 9.4) ( 7.7) ( - ) (14.4)
F 53.2 49.8 44.3 60. 7 59.6 40- 7 51.4 215
1 - ) ( - ) (14.1) (14. 6 (12.2) (15.1) (15. 5) (12.8) ( - ) ( 8.0)
NX V 61.0 48. l 48. 2 60.0 50.7 59.2 51. 1 54.0 1.895
( - ) ( - ) ( 5.8) ( 4.4) ( 4.6) ( 5.5) ( 5.2) ( 7.1) ( 6.6) ( 5.8)
p . * 60.8 j4. 4 48.6 54.8 41.8 43.7 45.5 47. 1 745
( - ) ( * ) ( 9.4) ( 4.7) ( 7.5) ( 8.4) ( 7.4) ( 9.3) ( 9.8) ( 8.0)
s x 37.4 53.2 82. 7 53.0 51.5 86.5 60.7 212
( - ) ( - ) (13.55) (16.00) (23.75) (13.02) (11.77) (24.65) f - ) (17.8)
F * ► 73.3 67.0 85.3 33.0 51.8 34.5 . 57.5 136
( - > ( - ) (27.2) (26.8) (35.5) (11.3) (15.7) (11.7) ( - ) (21.3)
*NE (Northeastern), NT— E.Canada (New York— Eastern Canada), SE (Southeastern), LS (Lake States), SC North Central), S (Southern).
2
M (males), 1 < ! etna les) .
^Parenthesized numbers are standard deviations.






Sex‘ 1949 19 SO 1951 i9s: 145 3 ,45- .955 1956 1437 1958 1959 I 460 : 461
Avg.
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( - ) < - ) ( - ) ( - ) ( - i , - - i - ) ( - ) ( - ) ( - i
33.8
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kvE (Northeastern), LS (Lake State*), NO (North Central). 
2M (male), F (female).
-^Parenthesized numbers are standard deviations.
VON)
"ABLE -^.--Reference jre<s and tlvway surviv.il t-st i.mutes for adult wood ducks bunded and recovered during early and recent years^
Average Survival Rates' Composite Survival Rates
_______LJ________________________   ;.U
-V: erence
Sex Ear 1 v Re.ent
S e 1 ec t ed . 
Recent F.ar ly Recent
Selevt ed 
Recent
Ncr if: 'Jen t r a 1 M - ; . "■ i - ' 5). 7(5) 53 . - ' 5 59. 4{ 5 j 5 - . 0 ( 5) 54 , 0 ( 5 j
r i -' -5.6(51 44 ,7i'3) 52 , 6( 5 1 47.1(5) 47.1(5)
Euxc State w - .-I 51.8(3) 52. 5 ( 3) 7 0.6(3' 53.2(3) 53.2(3)
F - ■ - i -8.1(1) 50. ’( 1 ■ - 2 . 8 ' 3 ! 51.4(3) 51.4(3)
M _ . - , -■ 1 - - ( 2 } 58 . 51 I) - (-) 60.7(7) 60,7(7)
F - 1 - 1 51. 6{ 1 ) - 1-1 - 1 - 1 57 . 5(7) 57.5(7)
yississinpi Flvwav w ,i.ru : t 53.EC 10) 53.41 9) 62.6(5) 56,2(15) 56.2(15)
F - ■ -; 4ft. Of 7 > 4 5. 5(4) 49.8(8; 51.5(15) 51.5(15»
dew York— E.Canada M -  ( - ) -6.6(2) 48.6(2) - (-) 52.8(3) 52.8(3)
F - i-i 52.0(1) 52.0( 1) - <- ) 48.4(3) 48.4(3)
Nor t heastern M 45. 2(1) 49.9(2) 49.9(2) 52.3(11) 52.1(11) 52.1(11)
F -2.Of11 33.8(1) 33.8(1) 51.0(11) 49.1(11) 49.1(11)
Sou t heastem M - <- ) >4.0(1) 54. Oi 1) - (-) 54.8(5) 54.8(5)
F - (-) 56.5(1) 56.5(1) - (-; 74.7(5) - (-)
Atlantic Flvwav M 4 5.2(1) -9. 5(5) 49. 5( 5) 52.3(11) 53.4(19) 53.4(19)
F 42.Of 1) 50.4(3) 50,4(3) 51 .0(11) 59.8(19) 48.7(14)
11960-6? seasons in Atlantic Flyway areas and 1962-68 seasons in Mississippi F1yvay areas for M(males) and F(females)
'A weighted average obtained by averaging rates from component states of each area (number of states are parenthesized).
^Selected rates were restricted to states or areas with three or more vears oi survival rates (data with a coefficient of variations 
exceeding 40.’ also excluded).
’Rates obtained by using all banding and recovery data from a reference area. \DOJ
94
data for the Southeastern Reference Area.
Immatures
Immature survival rates for wood ducks banded and re­
covered during 1960 through 1968 are listed for individual 
states in Table 27. A comparison of average survival 
rates among 10 states possessing the most abundant banding 
and recovery data revealed no significant differences be­
tween immature female and immature male survival rates 
(t = -1.60: d.f. = 9; p> 0.10). The lowest immature rates 
were in New York (33.0 percent), Ontario (36.7 percent), 
and Vermont (26.4 percent). Immature comparisons by refer­
ence areas also demonstrated similar rates for each sex 
(Table 28).
Immature survival estimates for an early time period 
(1950 through 1962) are presented in Table 29. Comparisons 
between early and recent survival rates of the Northeastern 
Reference Area disclosed no significant differences between 
time periods for males (t = -1.58: d.f. ■ 16; p> 0.10) or 
females (t = 0.22: d.f. = 16; p > 0.50).
Summary of Immature Estimates
Presented in Table 30 are reference-area and flyway 
survival estimates calculated not only by weighting and 
averaging state estimates but also by using a composite of 
all banding and recovery data for each reference area.
Based on weighted averages of the selected-recent column, 
composite survival estimates (with one standard error) for
TABLE 27.— Immature survival estimates for wood duck* banded Hay-September, 1960-68 (Atlantic Flyway state*) and 1962-68 (Mississippi 
Flyway ttatesj
Annual Survival Rates (*)*
Sandeu In Sex2 1960 1961 1962 1963 1964 1965 1966 1967
Avg. 90
Rec
Illinois .. 60.8 48.0 30.6 39.0 36.5 67,4 47 .0 755
( - ) ( - ) (13.0) ( 9.2) ( 6.2) ( 7.6) (10.6) (23.6) (14,5)
F 64.2 37.6 45.2 58.8 41.8 44.9 48.8 54 7
( — ( - ) (16.1) ( 7.6) (11.6) (11.7) (13.5) (19.2) (10.4)
Indiana M 42.2 71.2 17.b 55.6 60. U 22.9 45.0 135
( - ) ( - ) (14.0) (29.2) ( 9.5) (20.4) (33.0) (10.6) (21.3)
F , , 100.0 25.4 ♦ * ■ , 17.9 47.8 49
( - ) { - ) (49.1) ( - ) (14.9) ( - ) ( - ) (14.4) (45.4)
lows M 57.8 36.5 30.5 39.1 37.7 52.9 42.4 663
( - ) ( - ) (10.5) ( 9.5) ( 8.2) ( 8.5) (11.1) (23.2) (10.6)
F * , * 50.7 35.1 56.2 ■ * * » 47.3 276
( - ) ( - ) (10.6) ( 9.6) ( - ) (12.9) ( - ) ( - ) (10.9)
Michigan H . . . . 53.6 I S * 41.5 13,9 52.0 42.1 40.6 76
( - ) ( - ) (35,4) ( - ) (19.5) (10.0) (23.0) (18.1) (15.9)
Minnaaota M . 41.5 29.3 41.3 58.3 20.0 30.3 36.8 223
( - ) ( - ) (16.3) (10.7) (15.5) 12.2) ( 8.4) (12.0) (13.3)
F 58.8 64.5 25.6 47.1 68.9 a * 53.0 140
( - ) ( - > (33.8) (22.5) (13.5) (20.2) (35.2) ( - ) (17.4)
VOU1
TABU 2 7 -Continued
Annual Survival lata* (X)1





Missouri M 69.6 66.4 40.0 16.2 59.3 50.3 183
( - ) ( - i (19.1) (16.2) (11.6) ( - ) (12.3) (20.1) (22.3)
r • * * • - 1 a ■ a 23.4 45.6 27,2 76,0 a s * 43.6 105
( - ) ( - ) ( - ) (10.2) (14.3) (16.9) (33.5) ( - ) (24.9)
l«w York M 46.S 27.7 22.1 30.0 50.5 40.7 16.7 . . 33.3 263
(14.6) (10.4) ( 9.6) (13.6) (12.6) (11.2) ( 6.4) ( - > (12.6)
r • • * • * a a ■ v 20.5 26.6 39.0 45.6 * a a 33.0 123
( - ) ( - ) ( - ) (10.4) (13.0) (15.5) (18.5) ( - ) (11.5)
Ohio N . . 42.6 25.6 66.2 33.6 . . . 42.6 194
( - ) '( - ) ( - ) (13.0) (10.3) (21.1) (12.4) ( - > (17.2)F s • V + • * 30.2 52.4 45.7 69.7 51.2 33.6 47.1 220
( - > ( - ) (11.2) (19.6) (17.3) (25.3) (17.8) (13.7) (14.3)
Qatarlo H * * * 25.4 27.1 37.0 9.6 64.3 36.7 67
( - ) ( - ) (15.0) . . . (13.2) (12.2) ( 7.2) (36.9) (26.4)
South Carol las N 79.5 74.9 66.6 61.0 * » a 75.6 175
( - ) (17.3) (16.6) ( - ) ( - ) (26.1) (23.3) ( - ) (10.9)
F • a • • a a 73.1 a a ■ a a « 44.6 a a • a * a 56.8 44
( - ) ( - ) (25.6) ( - ) ( - ) (20.6) ( - ) ( - ) (20.2)
TsnattMo M a * * 40.3 60.9 45.6 53.2 37.6 44.6 50.4 376
( - > ( - ) (13.4) (16.6) (13.3) (15.9) (16.8) (13.9) ( 6.1)
r * - * a - a 99.2 56.3 56.6 46.4 67.) 29.1 59.6 304








Rec.I960 1961 1962 1963 1964 1965 1966 1967
Veraont M 27.1 24.0 20.2 45.4 55.9 40.6 13.3 9.7 29.5 254
( 8.2) (10.5J (12.3) (17.2) (16.0) (13.6) ( 7.3) ( 6.2) (16.3)
F 14.7 ■ a * 27.9 59.6 15.8 22.1 18.4 26.4 189
( 5.6) ( - 1 ( -  ) (12.0) (21.3) ( 7.4) (11.5) (11.1) (16.9)
Wisconsin H . . . . 43.2 37.0 41.7 33.7 . 29.6 37.0 574
( - > ( - ) (10.A) ( 8.0) ( 7.1) ( 6.0) ( -  ) ( 6.8) ( 5.6)
P . , a 35.9 56.8 56.8 45.0 21.2 23. B 39.9 584
( -  > ( * ) (12.0) (20.3) (17.9) ( 9.4) { 6.6) ( 9.4) (15.6)
^Parenthesised nuabers are standard deviations.
2K(anles), F(faaalas).
VO-J
I .-us-I L b .— Reference area survival estimates for immature wood ducks banded May-September, 1960-69 {Atlantic Flyvay) and 1962-69
(Mississippi Flywa y)
Annual Survival Rates (t)
.'c* c r €






iheastern M 28.8 36. 5 32.1 48.9 63.1 40.3 22.7 38.1 40.7 39,2 553
( 7.9) ( 8.9) (7.5) (11.3) (12.3) ( 8.8) ( 7.1) (11.8) (13,9) (11.7)
F 29.0 53.5 22.4 35.0 72.8 19.3 25.6 18-4 37.7 34.9 445
( 9.]) (15.5) ( 8. 0) (10.5) (18.1) ( 6.7) ( 8,4) ( 7.5) (14.4) (17.9)
Ne-. York — M 42.8 29.6 23.1 27.3 43.8 37.8 17.9 59.4 43.3 36.1 499
1 . Canada (12.4) (10.4) ( 7.6) ( 9.8) ( 9.3) ( 8.7) ( 5.3) (15.9) (14.8) (12.8)
F 36.6 34.1 14.0 40. 2 27. 5 42.8 37.8 49.4 35.0 338
(24.0) (14.0) ( 6.1) (15.6) (10.7) (13.1) (12.3) (19.1) (10.7)
Scutbeastern M 75.4 67.5 79. 2 57.6 89.2 81.4 75.0 278
(15.7) (14.0) (36.7) (27.4) (23.5) (30.7) (11.1)
F 22.8 87.8 51.4 . . * 62.4 ► * * * 56.1 89
(12.0) (27.4) (26.4) (23.9) . . . (26.9)
Can.* States M 45.5 52.2 28.8 . 50.0 30.8 41.5 457
( 9.2) (10.7) ( 6.9) • «- . (10.1) ( 6.5) (10.9)
F 47.9 i ♦ i 43.4 51.7 44.8 32.5 44.1 295
(11-4) (11.9) (12.9) (12.3) (10.3) ( 7.2)
Ncrtn Central M 54.9 42.7 36.2 44. 7 34.0 43.3 40.4 42.3 2.952
( 5.2) ( 4.2) ( 3.5) ( 3.9) ( 3.7) ( 5.1) ( 5.4) ( 6.8)
F 53.4 41.8 43.2 56.2 40.7 51.2 35.7 46.0 2,169
( 6.7) ( 5.0) ( 6.1) ( 6.3) ( 6.2) ( 8.6) ( 7.0) ( 7.6)
S;uthern M 40.8 56.8 59.4 47,6 66.6 64.9 . 56.0 593
(10.3) (12.9) (13.6) (10.7) (12.6) (17.5) . . (10.1)
F 90.1 68.3 80.8 41.3 62.9 39.5 * . 63.8 410
(24.0) (23.0) (25.8) (11.1) (15.4) (11.7) . . . (20.5)
"Parenthesized numbers are standard deviations. 
*'M(aales)> F(females).
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North­ M 17.9 57.5 29.0 25.9 21.6 35.3 27.9 21.8 37 .4 30.4 483
eastern ( 6.3) (18.3) < 6.8) ( 6.3) ( 6.7) (10.2) (10.0) ( 7.0) (13.2) (12.0)
F 28.8 92.2 91.7 91.5 43.2 48. 6 40.5 47.1 41.7 ► * « 41.7 402
( 9,2) (13.6) (11.1) (12.7) (11.8) (18.4) (14.7) (19.6) (17.3) ( 5.6)
New York— M 29.0 25.6 65.9 38.5 62
E. Canada ( 9.9) (10.0) (32.8) (23.7)
F 27.6 27.6 12
(12.2) ( - )
Lake M 31.7 25.7 44.8 70.8 43.3 137
States * > (18.9) (12,0) (12.9) (15.2) (20.0)
F i i * 45.9 97.2 36.7 59.9 69
■ - * . . . . . . (24.6) (31.9) (11.9) (32.6)
North M 59.9 48.2 38.1 58.5 49.9 493
Central (17.5) ( 8.8) (5.4) ( 7.0) ( 8.9)
F * * ■ 35.8 91.5 35.4 54.2 194
(15.9) (26.2) ( 6.9) (32.3)
^Parenthesised numbers are standard deviations.
2M(malee). F(ftules).
to
TABLE --Reference area a n d  flyvay survival esc imates for immature w o o d  ducks banded and recovered during early and recent years1
Re:ere-, .e Area
Average Survival Rates (?)^ Composite Survival Rates (7.) 4
Sex Earlv Recent
Selected 
Recent ̂ Ear Is Recent
Selec ted 
Recent
l.urth Central M 4 7, a (2) 40.3(5 > 41.1(5) -4.4(51 42.3(5) 42.3(5)
F 41.6(2) 4 7.0(5) 43.7(3) 5-, Tf5 ) 46.0(5) 46.0(5)
A* * e btites M - (-, A2.3{3) 42.6(1) -3.3.3) 41.5(3) 41.5(3)
F 24.4(1) 47.5(2) 47,1(1) 19.9(3) -4.1(3) 44.1(3)
So ut her M - (-) 50.4(1) 50.4(1) - <~) 56.0(7) 56.0(7)
F - (-) 59.8(1) 60.1(1) - (-) 63.8(7) 63.8(7)
Mississippi Flyvay H 47.4(2) 41.1(9) 41-7(7) 45.0(8) 46.5(15) 46.5(15)
F 18.6(3) 47.3(8) 44.6(7) 55.3(8) 51.3(15) 51.3(15)
Sew York— E.Canada M 36.4(1) 35.7(2) 36.5(1) 36. 5(3) 36.1(3) 36.1(3)
F 26.9(1) 33.0(1) - (-) 27.6(3) 35.0(3) 35.0(3)
Northeastern K 24.1(1) 29.5(1) 42.2(1) 30.4(11) 39.2(11) 39,2(11)
F 49.6(1) 26.4(1) - (-) 41-7(11) 34.9(11) 34.9(H)
Southeastern M - (-) 75.6(1) 75.6(1) - (-) 75.0(5) - (-)
F - (-) - (-) - (-) - (-) 56.1(5) - (-)
Atlant to Flyvay M 32.8(2) 41.1(4) 52.8(3) 3- .-(14) 52.2(19) 37.8(14)
F 33.6(2) 41.9(3) - (-) 3-.3(14) 43.4(19) 34.9(14)
460-67 seasons In Atlantic Flyvay areas and 196 2 - 68 seasons in Mississippi Flyvay areas for M(males) and F(females).
-A weighted average obtained by averaging rates from component states of each area (number of states are parenthealied).
^Selected rates were restricted to states or areas with three or acre years of survival rates (data with a coefficient of variation
etteeoing AOS were also excluded). A Rates obtained by using all banding and recovery data from a reference area.
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the Mississippi Flyway were 46.5 (±3.77) percent for imma­
ture males and 51.3 (±4.98) percent for immature females. 
Similarly, composite estimates in the Atlantic Flyway were 
37.8 (±1.10) percent for immature males and 34.9 (±0.35) 
percent for immature females. Immature survival rates for 
the Southeastern Area could not be determined; therefore, 
the Atlantic Flyway estimates were probably too low. In 
all survival comparisons between immatures and adults, imma­
tures demonstrated lower survival rates (F = 25.71: d.f. = 
1,26; p< 0.01).
Geographical Differences
In order to test the hypotheses that survival rates 
differed by geographical regions, comparisons were made for 
states above and below 42° north latitude. There were sig­
nificant differences (t test: p< 0.05) in mean survival be­
tween geographical regions for all age-sex classes except 
immature females (p> 0.05). States above 42° north lati­
tude with adequate data for survival estimates (Iowa, Maine, 
Michigan, Minnesota, New York, Ontario, Vermont, and Wis­
consin) had lower survival rates than states farther south 
(Illinois, Indiana, Missouri, Ohio, South Carolina, and 
Tennessee).
Mortality Due to Hunting
An estimate of the influence of hunting mortality in 
relation to other death causes was obtained by comparing
1 0 2
average annual mortality rates with kill rates (Table 31). 
Reporting rates were assumed to be 28.0 percent and cripp­
ling loss 25.0 percent; therefore, the annual recovery rate 
in Table 31 was multiplied by 4.76 to give an estimate of 
total hunting kill.
A greater percentage of the adult male (58.3 percent) 
and immature male (59.4 percent) loss, as compared to adult 
females (44.0 percent) and immature females (51.4 percent), 
was due to hunting. Of special interest is the high non­
hunting mortality loss of adult females (29.4 percent).
Age and Sex Composition 
Indirect population estimates derived from simultan­
eous equations suggested that immatures averaged 53,7 per­
cent of the preseason population or an age ratio of 1.2 
immatures per adult. Another estimate of age ratios was 
obtained by adjusting annual age ratios in the harvest to 
those in the preseason population (Table 32). This pro­
cedure described by Geis (1972) produced an average 1962 
through 1968 ratio of 1.34 immatures per adult.
The estimated sex ratio of adult wood ducks in the 
1962 through 1968 preseason population was 1.13 adult 
males per adult female. The sex ratio of immature wood 
ducks was also calculated as 1.19 males per female.
Average Survival and Productivity 
Wood duck populations will increase, decline, or 
remain relatively stationary depending upon the extent to
TABLE 31.— Estimate of the proportion of wood duck mortality in eastern North America due to hunting*-
Immature Adult
Male Female Male Female
Average annual mortality rate 0.594 0.570 0.453 0.525
Average annual recovery rate 0.074 0.061 0.055 0.048
Average total kill rate2 0. 353 0.293 0.264 0.231
Average non-hunting mortality rate 0.241 0.277 0.189 0.294
Proportion of total deaths due to hunting 0.594 0.514 0.583 0.440
^Based on preseason bandings during the 1950-68 period.
2Assumes 0.28 of banded birds shot were reported and 0.25 of birds killed were not retrieved; 
therefore, to account for unreported and unretrieved kill, reported recovery rates were multiplied 
by 4.76. That is for every 1,000 birds reported, 4,760 were actually killed (1,000/0.28 * 3,571; 
3,571/0.75 - 4,762; and 4,762/1,000 - 4.76).




Age Ratio Harvest 
Ismature/Adult
Age Ratio Population^ 
Immature/Adult
1962 1.27 1.23 0.96
1963 1.03 1.66 1.61
1964 1.10 1.82 1.65
1965 1.21 2.14 1.77
1966 1.09 1.18 1.08
1967 1.25 1.66 1.33
1968 1.15 1,42 1.23
^Determined by dividing age ratio in harvest by relative vulnerability.
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which productivity matches mortality. The estimated 
annual survival of adult females averaged 50.2 percent as 
compared to 4 5.5 percent for immature females. With these 
survival statistics, approximately 1.10 immature females 
per adult female must have been alive at time of banding in 
order to maintain population stability in eastern North 
America. The average 1962 through 1968 preseason ratio of 
immature females per adult female was 1.14. This was de­
termined by dividing age ratios in the 1962 through 1968 
harvest by appropriate relative recovery rates to obtain a 
ratio in the preseason population. The calculated ratio of 
1.14 immature females per adult female indicates that wood 




Selected regulation factors and a harvest index 
corresponding to 1962 through 1968 hunting seasons of the 
Mississippi Flyway are shown in Table 33, Factors believed 
to influence numbers harvested were: (1) number of active
hunters; (2) daily bag limits for wood ducks, mallards, and 
other ducks; (3) total number of hunting days in a flyway;
(4) total number of October hunting days; and (5) number of 
wood ducks available to be harvested.
The fewest number of active hunters, lowest total 
number of flyway hunting days, and the most restrictive bag








Daily Bag Limits^ 
Wood Duck Mallard Due ks




1962 251350) 10.5(84) 371.4 2.0 1.0 2.0 157,6 2,106.4 .08
1968 29(-00) 9.5(76) 694,4 2 .0 1.0 3.0 312.7 2.871 .6 .11
Average 2 7 ( 375 c 10.0(80) 532.9 2.0 1.0 2.5 235.2 2,489.0 .10
1963 J4(.B1) 13.5(108) 520.1 2 .0 2.0 4.0 359.8 2,512.3 .15
1969 38(548) 12.8(102) 628.8 2 .0 2.0 4.0 314.5 2,484.5 .12
1965 39(552) 11.8(94) 624.0 2.0 1.0 4.0 352,2 2,761.2 .13
Average 37(527) 12,7(101) 590.9 2.0 1.7 4.0 342. 2 2,586.0 .13
1966 44(622) 13.8(110) 745.8 2.0 2.0 4.0 468 * 7 3,266.5 .15
1967 *.0(55 3) 12,8(L02) 704.8 1.0 2.0 4,0 325.8 2,349.2 .14
Average
1962-68 37(519) 12.3(98.2 ) 612.8 1.8 1.6 3.6 343.0 2,621.7 .13
^Season length expressed 
in the flyway.
as an average for Mississippi Flyway states. Parenthesised numbers represent the total number of hunting days
^Average number of hunting days in October for the North Central and Lake State regions Parenthesi red numbers represent the total
number of October hunting day# In the flyway.
^Exceptions: 1967. 2 wood ducks in Alabama and Mississippi - 1966, 2 mallards In Arkansas.
''Preseason population index for eastern I'. S. and Canada baaed on data from U. S. Fish and Wildlife Service. 
■’EstiaatfS harvest divided by PP1.
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limits where in 1962 when the harvest index was only 0.08. 
Conversely, 1966 demonstrated the highest harvest index 
(0.15), the largest number of active hunters, an increased 
season length, the most October hunting days, and a more 
liberal duck bag limit.
A comparison of three increasingly liberal hunting 
regulation periods revealed increases in the harvest index 
(0.10 to 0.15) as regulations become more lax (Table 33).
Direct Recovery Rates
Table 34 was constructed to show the relationship of 
direct recovery rates and hunting regulations of the North 
Central Reference Area. In every comparison for different 
age and sex classes, direct recovery rates were lowest in 
the two most restrictive hunting seasons, 1962 and 1968, 
and highest in 1966 when regulations were most liberal.
Although banded samples of wood ducks were usually 
too small to show annual differences in recovery rates as 
related to hunting regulations, comparisons were possible 
when years with similar regulations were combined (Table 
35). In 4 7 immature male and 4 5 immature female compari­
sons, direct recovery rates increased 40 times in direct 
relation to increases in liberalization of hunting regu­
lations (significant at 0.01, Sign Test). Direct recovery 
rates were also greater for adult males (15 of 16 compari­
sons) and adult females (6 of 6 comparisons) when regula­
tions were changed from restrictive to liberal (significant
TABLE 3-.--Comparisons of wood duck direct recovery rates and hunting regulations in the North Central Area, 1962-68
Direct Recover ies Direct Reco very Rates^ Total Total Davs
Banding Year AM AF 1M IF AM AF IM IF Days Flyway Average-* Limit*
Nortn Central 
1962 68 22 112 63 .0361 .0338 .0655 .0525 25(9.8) 25(350) 2,0(2)
1963 248 129 289 196 .0739 .0575 .0817 .0712 34(14.0) 34(481 , 2.0(4)
1969 112 87 293 231 .0531 .0592 .0842 .0824 39(12.8) 38(546) 2.0(4}
1965 102 24 298 247 .0514 .0381 .0717 .0683 40(12.0) 39(552) 2.0(4)
1966 161 95 422 316 .0731 ,0692 . 1091 .0921 45(15.0) 44(622) 2.0(4)
196? 97 46 308 246 .04 74 .04 9 2 .0702 .0655 40(12.8) 40(553) 1.2(4)
1968 61 21 144 109 .0365 .0252 .0550 .0452 29(8.2) 29(400) 2.0(3)
Weighted rate*.
2 Season length expressed as an average for reference area. Parenthesized numbers represent the average number of hunting days in 
October for the North Central Region.
^Flyvay average obtained by summing and averaging season lengths of all states in the Mississippi Flyway. Parenthesized digits 
represent the sum total of hunting days within the Mississippi Flyway.
“Shows the average wood duck limit for states in the Mississippi Flyway. Parenthlsized numbers reveal the average duck limit for 
states within the flyway.
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TABLE 35.— Comparison of direct recovery rates and hunting regulations for wood ducks banded in selected states, 1962-68
Sanding Data Regulations''
Number Direct Recovery Season October Dally Bag
Banded In Age Years Recovered Rate Length (days)- Days^ Limit(duck
Illinois t t f 1962,68 56 0.0410 27 (375) 80 2-3
1967 56 0.0550 40 (553) 102 4
1963-65 231 0.0612 37 (527) 101 4
1966 143 0.0784 44 (622) 110 4
IF 1962,68 45 0.0378 2? (375) 80 2-3
1967 39 0.0448 40 (553) 102 4
1963-65 190 0.0566 37 (527) 101 4
1966 111 0.0665 44 (622) 110 4
AM 1963-65 59 0.0581 37 (527) 101 4
1966 33 0.0892 44 (622) 110 4
AF 1963-65 70 0.0503 37 (527) 101 4
1966 37 0.0557 44 (622) 110 4
Indiana IK 1962,68 25 0.04 39 27 (375) 80 2-3
1967 11 0.0421 40 (553) 102 4
1963-65 50 0.0772 37 (527) 101 4
IF 1968 14 0.0355 29 (400) 76 3
1964-65 24 0.0632 38 ( 550) 98 4
TABLE 35.--Continned
Banding Data Regulations^









U n i t  (duck
Iowa LM 1962,68 56 0.0559 27 (375; 80 2-3
1967 68 0.0659 40 (553) 102 4
1963-65 262 0.1007 37 (527) 101 4
1966 70 0.0888 44 (622) 110 4
IF 1962,68 45 0.0497 27 (375) 80 2-3
1967 61 0.0672 40 (553) 102 4
1963*65 177 0.0809 37 (527) 101 4
1966 59 0.0882 44 (622) 110 4
AM 1963-65 51 0.0644 37 (527) 101 4
1966 16 0.0721 44 (622) 110 4
AT 1963-64 42 0.0925 36 (514) 105 4
1966 19 0.1096 44 (622) 110 4
Minnesota IM 1962,68 71 0.0644 27 (375) 80 2-3
1967 22 0.0673 40 (553) 102 4
1963-65 71 0.0764 37 (527) 101 4
1966 44 0.1164 44 (622) 110 4
IF 1962,68 48 0.0585 27 (375) 80 2-3
1967 17 0.0437 40 (553) 102 4
1963-65 48 0.0644 37 (527) 101 4
1966 36 0.1014 44 (622) 110 4
TABLE 3 5 . — Continued
Banding Data Regulations^











Minnesota AM 1962,68 41 0.0346 27 (375) 80 2-3
1967 42 0.0437 40 (553) 102 4
1963-65 94 0.0620 37 (527) 101
1966 33 0.0692 44 ( 6 2 2 ) 110 4
Hi*souri IM 1968 13 0.0478 29 (400) 76 3
19 6? 16 0.0418 40 (553) 102 4
1963-65 89 0.0645 37 (527) 101 4
IF 1967 14 0.0423 40 (553) 102 4
1963-65 59 0,0513 37 (527) 101 4
1966 10 0.0559 44 (622) 110 4
AF 1967 11 0.0423 40 (553) 102 4
1963-64 54 0.0571 36 (514) 105 4
Men Torit IM 1961 19 0.0627 43 (732) 101 2-3
1960,62-63 54 0.0796 46 (787) 115 2-4
1964-67 151 0.0870 48 (810) 146 3-4
IF 1961 24 0.0945 43 (732) 101 2-3
1960,62-63 44 0.0681 46 (787) 115 2-4
1964-67 113 0.0725 48 (810) 146 3-4
Ohio IM 1962,68 54 0.0730 27 (375) 80 2-3
1967 47 0.0733 40 (553) 102 4
lABLt 15.— Continued
Banding Data Regulations











Ohio IM 1963-65 69 0.0756 37 (527) 101 4
1966 56 0.0701 44 (622) 110 4
IF 1962,68 41 0.0578 27 (375) 80 2-3
1967 19 0.0375 40 (553) 102 4
1963-65 61 0.0792 37 (527) 101 4
1966 47 0.0686 44 (622) 110 4
Tenneaaee IM 1968 25 0.0343 29 (400) 76 3
1967 20 0.0329 40 (553) 102 4
1963-65 105 0.0496 37 (527) 101 4
1966 68 0.0662 44 (622) 110 4
IF 1968 21 0.0302 29 (400) 76 3
1967 21 0.0326 40 (553) 102 4
1963-65 97 0.0444 37 (527) 101 4
1966 54 0.0574 44 (622) 110 4
AM 1968 11 0.0464 29 (400) 76 3
1966 15 0.0528 44 (622) 110 4
Vernont IM 1961 12 0.0622 43 (732) 101 2-3
1960,62-63 54 0.0792 46 (787) 115 2-4
1964-67 111 0.1028 48 (810) 146 3-4
TABLE 33.— Continued
Banding Data Regular ions^











IF 1941 18 0.0793 43 (732) 101 2-3
1960,62-63 52 0.0812 46 (797) 115 2-4
1964-6 7 96 0.0965 48 (810) 146 3-4
AM 1961 22 0.0821 43 (732) 101 2-3
1960,63 23 0.0689 47 (796) 112 3-4
1965 "66 33 0.0811 48 (830) 147 3-4
IM 1962,68 51 0.0636 27 (375) 80 2-3
1967 146 0.0935 40 (553) 102 4
1963-65 227 0.0870 37 (527) 101 4
1966 156 0.14 35 44 (622) 110 4
IF 1962,68 28 0.0399 27 (375) 80 2-3
1967 115 0.0859 40 (553) 102 4
1963-65 200 0.0909 37 (527) 101 4
1966 100 0.1082 44 (622) 110 U
AM 1962,66 60 0.0442 27 (375) 80 2-3
1967 37 0.0642 40 (553) 102 *6
1963-65 196 0.0645 37 (527) 101
















Wisconsin AF 1962 13 0.0362 23 (330) 84 2
1967 13 0.0061 40 (333) 102 4
1966 31 0.0909 44 (622) 110 4
'■Wood duck bag H a i t i  were reatrlcted to twa except In 1967 when only one wood duck was allowed in the Mississippi Flyway.
^Season length expressed as an average for Atlantic or Mississippi Flyway states. Parenthesized number* represent the total number 
of hunting days obtained by suaalng all hunting days of each state In a flyway.
^Total nuaber of October hunting days in a flyway obtained by s u » i n g  all October days of component flyway states, 
(immature*), A (adults), M (males), F (females).
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at 0.05# Sign Test).
Although the correlation coefficients for direct re­
covery rates and various regulation variables of the North 
Central Area were usually high# the coefficient of determi- 
nation (R ) was not statistically significant {p> 0.05) 
when all four regulation variables were used in the regres­
sion model (Table 51). Of particular interest is the large 
amount of variation in recovery rates explained by regres­
sing direct recovery rates on the total number of October 
hunting days. The coefficient of determination ranged from
0.77 to 0.89 and was significant at the 0.01 level for all 
age-sex classes.
Appendix Tables 52 and 53 reveal stepwise regression 
procedures used to promote insight into the relative 
strength of the relationships between hunting regulations 
for selected states and the dependent variable# direct re­
covery rate. A maximum R2 improvement technique by Barr 
and Goodnight (1972) was used for the regression analysis. 
Although each of the five independent regulation variables 
was considered the "best" single variable for one or more 
situations, variables x^ (total hunting days in October) 
and x 2 (total hunting days in the flyway) were most promi­
nent and frequent in exhibiting the largest coefficient of 
determination.
Survival
To discern the relationship of direct recovery rates
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and survival, comparisons of first hunting-season band re­
covery rates and corresponding survival rates were made for 
selected states (Table 36). When associations were based 
on 10 or more recoveries, only adult females demonstrated 
a statistically significant correlation (r = 0.74, p< 0.05). 
Restricting comparisons to years with 20 or more band re­
coveries increased the number of significant relationships: 
Immature males (r = -0.69, p< 0.01), immature females (r = 
-0.23, p> 0.05), adult males (r = -0.84, p< 0.01), and 
adult females (r = -0.67, p> 0.05).
Comparisons of immature survival rates with the ex­
treme low and high direct recovery rates occurring in se­
lected states during the 1962 through 1967 hunting seasons 
are given in Table 37. In 6 of 9 possible comparisons for 
immature males and 4 of 8 comparisons for immature females, 
survival rates were higher in years with lowest recovery 
rates. A Sign Test indicated a probability of 0.25 (imma­
ture males) and 0.64 (immature females) that changes in 
survival rates and extremes of direct recovery rates were 
not related. Sufficient data were not available to test 
this relationship for adult wood ducks.
A hypothesis that survival rates would change in the 
opposite direction as regulations (i.e., survival rates 
would decrease as hunting regulations became more liberal) 
was tested for immatures within each reference area (Table 
38). The associated probability of occurrence of high 
survival rates with strict regulations was 0.19 for imma-
TABLE 36.— A comparison of direct recovery rates and survival estimates for wood ducks banded in














Illinois 1962 IM 25 0.0506 60,8
1967 56 0.0550 67.4
1963-65 231 0.0612 39.2
1966 143 0.0784 36.5
1962 IF 30 0.0651 64,2
1967 39 0.0448 44.9
1963-65 190 0.0566 47.2
1966 111 0.0665 41.8
1963-65 AM 59 0.0581 54.3
1966 33 0.0892 44.6
1963-65 AF 70 0.0503 47.4
1966 37 0.0557 32.9
Indiana 1962 IM 16 0.0648 42.2
1967 11 0.0421 22.9
1963-65 50 0.0772 48.2
Iowa 1962 IM 38 0.0542 57.8
1967 68 0.0659 52.9
1963-65 262 0.1007 35.4
1966 70 0.0888 37.7
















Iowa 1963,65 IF 118 0.0786 45.6
1963-65 AM 51 0.0644 49.8
1966 16 0.0721 61.1
1963-64 AF 42 0.0925 36.8
Minnesota 1962 IM 14 0.0725 41.5
1967 22 0.0673 30.3
1963-65 71 0.0764 43.0
1966 44 0.1164 20.0
1962 IF 12 0.0706 58.8
1963-65 48 0.0644 45.7
1962 AM 10 0.0275 53.5
1967 17 0.04 37 49.0
1963-65 48 0.0644 55.6
1966 33 0.0692 56.5
Missouri 1967 IM 16 0.0418 59.5
1963-64 64 0.0706 53.2
1963-65 IF 59 0.0513 32.1
1966 10 0.0559 78.0
1967 AF 11 0.0423 49.6














Ohio 1963-65 IM 69 0.0756 44.9
1966 56 0.0701 35.8
1962 IF 18 0.0465 30.2
1967 19 0.0375 33.6
1963-65 69 0.0756 55.9
1966 56 0.0701 51.2
Tennessee 1967 IM 20 0.0329 44.6
1963-65 105 0.0496 53.3
1966 68 0.0662 57.6
1967 IF 21 0.0326 29.1
1963-65 97 0.0444 54.4
1966 54 0.0574 67.3
1966 AM 15 0.0528 50.5
Wisconsin 1962 IM 26 0.0732 43.2
1967 146 0.0935 29.6
1963-65 227 0.0870 37.5
1962 IF 10 0.0426 35.9
1967 115 0.0859 23.8
1963-65 200 0.0909 52.9
















Wisconsin 1962 AF 13 0.0362 47.0
1967 13 0.0861 37.2
1966 31 0.0904 19.8
(irrcnature), A (adults), M (males) , F (females).
TABLE 3 7.— A listing of high and low direct recovery rates with corresponding survival rates for
immature wood ducks banded in selected states









111inois IM 1962 25 .0506 60.8
1966 143 .0784 36.5
IF 1962 14 .0305 64.2
1966 111 .0665 41.8
Indiana IM 1967 11 .0421 22.9
1965 24 .0819 55.6
IF 1967 9 .0435 17,9
1964 11 .0683 25.4
Minnesota IM 1967 22 .0673 30.3
1966 44 .1164 20.0
IF 1965 22 .058 7 47.1
1966 36 .1014 68.9
Missouri IM 1967 16 .0418 59.5
1964 44 .0766 40.0
New York IM 1964 13 .0398 50.5
1966 58 .1122 16.7
IF 1965 13 .0422 39.0












Ohio IM 1964 16 .0530 25.8
1963 37 .0914 42.8
IF 1967 19 .0375 33.6
1963 34 .1130 52.4
Tennessee IM 1967 20 .0329 44.6
1966 68 .0662 57.6
IF 1962 16 .0288 99.2
1966 54 .0574 67.3
Vermont IM 1961 12 .0622 24.0
1966 32 .1306 13.3
IF 1963 16 .0630 27.9
1966 100 .1082 22.1
Wisconsin IM 1962 26 .07 32 43.2
1964 75 .0922 41.7
IF 1962 10 .0426 35.9
1966 100 .1082 21.2
^1 (immature), A (adult), M (male), F (female).














North Central 1962,68 47.6 52.3 27 (375) 2 2-3
1963-65 41.2 47.1 37 (527) 2 4
1967 43.3 51.2 40 (553) 1 4
1966 34.0 40.7 44 (622) 2 4
Lake States 1962 45.5 47.9 25 (350) 2 2
1963-64 40.5 47.4 36 (514) 2 4
1967 30.8 32.5 40 (553) 1 4
1966 50.0 44.8 44 (622) 2 4
Northeastern 1961 38.5 53.5 43 (732) 2 2-3
1960,62-63 36.6 28.8 46 (787) 2 2-4
1964-65,67 47.2 36.8 46 (789) 2 3-4
1966 22,7 25.6 51 (875) 2 3-4
2New York-E.Canada 1960 42.8 34.6 63 (874) 1-2 3-6
1961-63 26.7 29.4 57 (835) 2 2-5
1964-65,67 47.0 39.9 61 (864) 2-4 3-5
1966 17.9 37.8 65 (950) 2-4 3-5
^-Average for flyway. Parenthesized numbers are total days in the flyway.
^Hunting seasons for Atlantic Flyway and Southern District of Ontario.
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ture males and 0.27 for immature females (Sign Test).
Forest Habitat
Trends in Forest Habitat
During a recent eight-year span (1963 through 1970) , 
forest habitat for wood ducks has decreased by more than 13 
million acres (5.3 million hectares) (Table 39). Since 
several of the forest types affected were of limited value 
to wood ducks, it is important to note the change in forest 
types which provide high-quality habitat (Elm-Ash-Cotton- 
wood, Maple-Beech-Birch, and Oak-Gum-Cypress). The acreage 
of Elm-Ash-Cottonwood has increased approximately 20 per­
cent, but this increase was offset by a 7 percent decrease 
in the acreage of Maple-Beech-Birch and a 20 percent de­
crease in Oak-Gum-Cypress. Most of the decrease of impor­
tant forest types has occurred in southern states where 
more than 7 million acres (2.8 million hectares) of impor­
tant breeding and wintering habitat have been destroyed 
(Table 40).
Reference Areas and States
The top ten states in terms of forest-type values 
were: Minnesota, Wisconsin, Michigan, Louisiana, Georgia,
Florida, Arkansas, Mississippi, Maine, and New York. These 
ten states contained over 119 million acres (48.1 million 
hectares) of forests important to wood ducks, or an area 
equivalent to 47.5 percent of the total 1963 acreage of all
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TABLE 39.— Change in acreages of forest types between 1963 and 1970 
for the eastern United States-*-
Forest Acreages - In Thousands
Forest Type 1963 1970 Change
Spruce-Fir 19,638 18,913 - 725
Oak-Hickory 115,963 111,861 - 4,102
Oak-Gum-Cypress 37,788 30,630 - 7,158
Maple-Beech-Birch 33,318 31,140 - 2,178
Elm-Ash-Cottonwood 20,403 24,728 + 4,325
Aspen-Birch 23,715 20,484 - 3,231
Total 250,825 237,756 -13,069
Based on United States Forest Service, Forest Resource Report 
Nunbers 17 {1965) arri 20 (1973a).
TABLE 40. — Change in acreages of forest types between 1963 and 1970 for northern and southern wood duck 
reference areas*
Forest Type
Forest Acreages - In Thousands
Northern Reference Areas Southern Reference Areas
15W 1970 Change 1963 1970 Change
Spruce-Fir 19,623 18,899 - 724 15 13 2
Oak-Hickory 58,896 55,536 -3,360 57,067 56,324 - 739
Oak-Gun-Cypress 1,678 1,361 - 317 36,110 29,268 -6,842
Elirt-Ash-Gottonwood 18,301 21,971 +3,670 1,273 2,756 +1,483
Maple-Beech-Birch 32,812 30,657 -2,155 506 482 - 24
Aspen-Birch 23,715 20,484 -3,231 0 0 0
Tbtal 155,025 148,908 -6,117 94,971 88,843 -6,124
* Based on United States Forest Service, Forest Resource Report Numbers 17 (1965) and 20 (1973a) and 
United States Forest Service (1972).
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hardwood and Spruce-Fir types in the eastern United States.
A similar ranking of forest values by reference areas 
showed the following order of importance:





New York-Eastern Canada 14.9
Northeastern 12.5
Lake States 9.5
States in the Southern and Southeastern Reference Areas 
accounted for 101 million acres {40.9 million hectares) or 
41.7 percent of the United States hardwood forests impor­
tant to wood ducks. Northern states provided 141 million 
acres (57.1 million hectares) or 58.3 percent of the East­




The use of band recoveries to identify waterfowl popu­
lations having characteristic distribution and derivation 
of harvest patterns is a common waterfowl management tech­
nique. Banding, recovery, and harvest data have been 
analyzed for black ducks, Anas rubripes {Geis et al. 1971); 
mallards (Bellrose and Crompton 1970, Anderson and Henny 
1972); green-winged teals (Moisan et al. 1967); and canvas- 
backs, Aythya valisineria (Stewart et al. 1958). The 
problems and assumptions associated with use of band-recov- 
ery data to indicate waterfowl characteristics have been 
discussed by Crissey (1955) and Stewart et al. (1958). In 
general, reliability depends on the extent to which the 
following are true: (1) recoveries from the banded sample
reflect the characteristics of the population they repre­
sent and (2) the sampled population is of known size and 
geographic distribution.
In order for the banded sample to be representative, 
the following assumptions must be made:
1. Distribution of the kill of the banded sample 




2. The proportion of recovered bands that is 
reported is the same for all areas at all 
times or can be determined.
3. The banded samples are large enough to 
minimize sampling error.
Assumption number one can be insured if a random or 
systematic sampling scheme is devised and executed through­
out the sampled population. Although random and systematic 
sampling techniques were not attempted during wood duck 
banding programs, banding stations were widely distributed 
within the six major reference areas and large numbers were 
banded. This, coupled with the fact that recovery distri­
butions were separated by age and sex, lends support to the 
opinion that assumption number one was satisfied.
Throughout many sections of the study I assumed that 
direct recovery rates provided valid indices of rates of 
harvest. If the proportion of recovered bands reported was 
higher in some areas and higher at different times, the 
harvest rate data were biased.
Assumption three, adequate banded samples, was prob­
ably valid for the North Central and Lake States Reference 
Areas where more than 81 thousand wood ducks were banded 
preseason. Although more than 2 7 thousand wood ducks were 
banded preseason in the New York-Eastern Canada and North­
eastern Reference Areas, numerous states and provinces had 
not banded sufficient numbers to minimize sampling error. 
Many of the coastal states within the Northeastern Refer-
130
ence Area as well as such inland states as Pennsylvania and 
New Hampshire displayed inadequate banded samples. The 
Great Lakes-St. Lawrence Forest Types of Canada also har­
bored unsampled wood duck populations. Quebec (south of 47° 
north latitude and along the St. Lawrence River), sections 
of southwest Ontario, extreme southeast Manitoba, and the 
Maritime Provinces should have been represented by larger 
banded samples. With the exceptions of South Carolina and 
Tennessee, states composing the Southern and Southeastern 
Reference Areas were grievously lacking in representative 
preseason banded samples.
Only 730 recoveries of winter banded wood ducks were 
available for study; therefore, results based on the winter 
banding period were limited due to associated large sampling 
errors.
Banding Period
Hunting season recoveries used in defining reference 
areas were related to wood ducks on production areas, be­
cause banding data of my study were limited to a May through 
August banding period. Although wood duck nesting activi­
ties can begin as early as February in the far south (Odom
1970) and late March in northern areas (Grice and Rogers 
1965) , most wood ducks are on their breeding grounds in 
April or May (Beshears 1974, Cunningham 1968, Decker 1959, 
and Leopold 1951). The fall movement of wood ducks from 
breeding areas and the influx of migrating birds were also
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determined to ensure that banding periods of my study were 
related to wood ducks on production areas. Several inves­
tigations on roosting habits of wood ducks gave insight to 
time of influx at different geographical locations. North 
Carolina investigations by Hester and Quay (1961) demon­
strated a large buildup in wood duck roost during late 
October and November. Tabberer (1969) found that the 
largest influx of roosting flocks in Louisiana also occurred 
in October and November. Massachusetts studies by Grice and 
Rogers (1965) indicated that wood ducks began congregating 
and migrating southward by the middle of September. Martin 
and Haugen (1960) suggested that the major influx and 
efflux of wood ducks in Iowa occurred during October and 
early November. However, Barden (1968) found that immature 
wood ducks banded in Maine after September first were less 
likely to be recovered in the state than those banded be­
fore this date. He also discovered that very few Maine 
wood ducks were recovered in the state after October 20.
Banding Requirements
A large percentage of the wood duck bandings between 
1950 and 1968 could not be used due to: (1) season of
banding, (2) inability of banders to age and sex birds,
(3) inconsistency of banding efforts, and (4) banding of 
other than normal, wild wood ducks.
Results of this study have shown that approximately 
46 thousand wood ducks would have to be banded annually in
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the six reference areas to allow meaningful, yearly esti­
mates of survival. A banding program of this size con­
ducted during May through August in northern areas and May 
through September in southern regions should amply sample 
wood duck populations associated with specific natal areas. 
However, bandings would have to be consistent, adequate 
for each age and sex, and proportionally distributed among 
all important breeding populations. Banding quotas could 
be proportionally allocated to each state or province based 
on the density index in Table 3. If the annual banding of 
46 thousand wood ducks proves too difficult, an alternative 
would be to analyze banding data on an average annual basis. 
If this occurs, the span of years to be averaged should not 
exceed five; because, additional years of hunting seldom 
add recoveries that are used in survival estimates.
Because the number to be banded is dependent on di­
rect recovery rates and survival, a change in these varia­
bles could decrease banding needs. For example, if the 
increased hunting pressures {direct recovery rates) of 
recent years (1969 through 1972) have not been accompanied 
by similar increases in mortality, a reduction in banding 
quotas would be appropriate.
Reference Areas
Defining Boundaries
Wood duck reference areas were delineated by grouping 
those states and provinces showing consistencies and
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differences in the distribution of hunting recoveries of 
banded ducks. Although their outer perimeters were sub­
jective and confined to political state boundaries, refer­
ence areas larger than states and provinces were believed 
practical because: (1) there were too many instances of
insufficient data from individual states, and (2) the con­
tinuity as well as size of the data base was improved by 
combining states with similar harvest distributions. There 
was evidence that reference-area borders not conforming to 
state and provincial boundaries could have been defined if 
banded samples had been larger. Better banding programs of 
the future will undoubtedly modify boundaries of the six 
reference areas identified in this research.
Reference Area Management
At present, a uniform set of wood duck harvest regu­
lations apply throughout the entire eastern United States. 
Identification of the six major summer breeding populations 
should encourage management by these reference areas. If 
the reference-area differences in survival, hunting pres­
sure, population densities, production, and harvest pat­
terns were acknowledged before the formulation of hunting 
laws, regulation frameworks could be patterned toward indi­
vidual populations. This would allow maximum recreational 
use of the resource without excessive harvest.
Optimal wood duck management can be achieved by 
gathering comparable data for major populations represented
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by reference areas. Results of this study have indicated 
those states which are most important in the harvest of 
specific breeding populations. In addition, the breeding- 
ground origin of the kill in states and reference areas has 
been assessed. Consequently, if major changes in hunting 
regulations are made, it would be possible to judge their 
impact on different summer populations. Conversely, it 
should be possible to evaluate effects that habitat or popu­
lation changes in summer reference areas would have upon 
the harvest in different states or groups of states.
Population Indices
Annual waterfowl population surveys which provide in­
formation on most duck species do not yield useful infor­
mation on the wood duck. At present, there are no census 
techniques which can be used to accurately count wood duck 
numbers for every geographical area; therefore, indices of 
abundance are needed to compare the relative densities of 
different regions.
Forest Index
The use of forest acreages to indicate relative den­
sities of wood ducks assumed a correlation existed between 
the distribution and abundance of suitable forest habitats 
and wood duck numbers. Life history studies by Grice and 
Rogers (1965), McGilvrey (1968), and Beshears (1974) sup­
port this contention. A statistical comparison of forest 
values produced in this study and FHMUP population
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estimates provided by the U.S. Fish and Wildlife Service 
also exhibited a high correlation coefficient (r = 0.78). 
However, this correlation may have been expected since some 
of the judgements used in tabulating FHMUP estimates were 
tinted by forest habitat characteristics of the states 
involved.
The importance values associated with each of the six 
forest types were based on the author's judgement as well 
as a limited amount of published research on the wood duck's 
use of forest habitat types. Important forest characteris­
tics considered were cavity forming traits, nearness or 
association with water, associated plant species, physiog­
raphy of the state in which the types occurred, and wood 
duck brood-rearing habitat requirements. Few studies have 
investigated the actual quantitative importance of tree 
species and forest types for nesting and brooding wood 
ducks. Hansen (1966) discussed the silvical characteristics 
of tree species as they relate to cavity production, and 
he produced tables listing the more important tree species 
containing usable cavities. Highest ranking were bald- 
cypress, sycamore, maples, black and red oaks, American elm, 
and ash. Similar studies by Gigstead (1938), Bellrose et 
al. (1964), and Hawkins and Bellrose (1941) pointed out 
that old growth black oaks (Quercus velutina Lam.), syca­
more, elm, maple, basswood, and pin oaks (Quercus palustris 
Muenchh.) in Illinois usually possessed the most suitable 
cavities for wood ducks. Weier (1966) studied wood-duck
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cavity densities in three timber types of Missouri (Pin Oak- 
Overcup Oak, Elm-Ash-Maple, and Upland Hardwoods). Impor­
tant species were black oak, sweetgum (Liquidambar styra- 
ciflua L.), elm, blackgum, red maple, black willow, ash, 
and baldcypress. McGilvrey (1968) listed the more important 
forest types attractive to breeding wood ducks:
1. Southern floodplain forests: cypress, tupelo,
blackgum, beech, ash, blackwillow, and cherry- 
bark oak (Quercus falcata var. pagodaefolia Ell.).
2. Red maple swamps: silver and red maple, tupelo, 
and sycamore.
3. Central floodplain forest: cottonwood, silver
maple, elm, blackwillow, pin oak, and sycamore.
4. Temporarily flooded oak-hickory forests.
5. Northern bottomland hardwoods: oak, maple,
cottonwood, ash, and elm.
The brood rearing habitat required by wood ducks was 
also a necessary consideration in determining the relative 
value of forest types and their associated plant species.
A description of brood rearing habitats and movement of 
ducklings to them are given by Webster and McGilvrey (1966)f 
McGilvrey (1968), Hardister et al. (1965), and Stewart 
(1958). Four important aspects necessary for brood habi­
tats were described: animal foods, availability of per­
sistent water, dense low-growing cover, and herbaceous 
aquatic emergents. Optimum brood habitat was described as
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tangles of dead, dying, and downed trees in shallow water 
surrounded by dense shrubs within a foot or two of the 
water surface.
The aforementioned studies when coupled with silvical, 
physiographic, site, and associated plant species descrip­
tions of each forest type as given by Barrett (1962) and 
the U.S. Forest Service (1965 and 1973b) provided a neces­
sary base for judgemental ratings of the six major hardwood 
forest types of eastern North America. Wetland potentials 
of each state as described by Shaw and Fredine (1956) 
were, and will continue to be, valuable in the importance 
rating of forest types for wood ducks.
Fish and Wildlife Service Model
Estimates by this model were based partially on 
quantitative biological data, but the primary input was 
collective reasoning and subjective work by men most famil­
iar with wood duck populations in each of the coterminous 
United States. Although a portion of these estimates were 
founded on a concensus of opinions, I considered them a 
viable source for comparing relative wood duck densities 
between the various reference areas.
Simultaneous Equations
Geis (1966) described the conditions necessary for 
reliable indirect waterfowl density estimates when the 
simultaneous equation technique is used:
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1. Distribution of the kill from each banding area 
is not the same. Wood ducks banded in different 
reference areas tend to be harvested in different 
reg ions.
2. All populations of significant size are repre­
sented by banded samples that reflect the kill 
distribution.
3. Size of the kill in various harvest areas is 
known.
4. Band-reporting rates are of the same magnitude 
in all harvest areas, or they can be estimated.
Condition one was satisfied due to the identification 
of reference areas based on differences in recovery distri­
butions of banded wood ducks. Although more than 350 thous­
and banded wood ducks were available for study, it is doubt­
ful if all major wood duck populations were adequately 
banded. This study was restricted to the eastern United 
States, and it was assumed that populations immediately 
west of 97° east longitude harbored insignificant wood duck 
numbers. The lack of representative banded samples for 
certain states and Canadian provinces has already been docu­
mented. If the wood duck populations of southeastern 
Manitoba, southwestern Ontario, and the Canadian Maritimes 
were large, wood duck estimates in Canada were under­
estimated.
The lack of precise and accurate harvest and repor- 
ting-rate estimates within individual states was probably
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the most important factor contributing to erroneous state 
population estimates. The U.S. Fish and Wildlife Service's 
harvest survey was designed to estimate kill of "all" water­
fowl on a "flyway" basis. Using this survey and the wing 
survey to estimate wood duck harvest for specific states 
increased the sampling error. Atwood (1956) and the U.S. 
Fish and Wildlife Service (1961) discussed procedures and 
validity of mail-survey data to estimate bagged waterfowl. 
The sampling scheme was designed to estimate percentages 
of species harvest in the total waterfowl kill with a 
sampling error of about 17 percent for states where large 
waterfowl kills usually occur, and about 33 percent for 
less important states. It was supposed that flyway species 
estimates would have a sampling error of about 6 percent.
As stated by the U.S. Fish and Wildlife Service (1961): 
"Statistical reliability is greater for areas with the 
larger number of post-office outlets sampled, highest 
number of hunters, largest kills, and for species where the 
larger bags are recorded over wider areas." Conversely 
the statistical reliability is less where there are fewer 
outlets, fewer hunters, low kills, and where hunting for 
a species is concentrated at relatively few points.
There is evidence that reporting rates of retrieved 
banded-birds differ by questionnaire used, regions, and 
temporally (Martinson 1966, Geis and Atwood 1961). Geis 
and Atwood (1961) quote a sampling error of *17.6 percent 
at the 95 percent confidence level when reporting rates
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were used to estimate total kill of banded waterfowl during 
the 1956 through 1957 hunting season. Sampling errors for 
estimates of individual administrative flyways ranged from 
24.5 to 35.9 percent.
In summary, I believe the simultaneous equation tech­
nique is a potentially useful model for indirectly esti­
mating the size of wood duck populations. The ambiguous 
estimates obtained in this study were probably the result 
of inadequate survey and banding data rather than failure 
of the model. Although Chan (1972) in a more involved pop­
ulation modeling study concluded that the simultaneous 
equation technique was mathematically sound, I believe 
additional investigations are needed to determine the 
effects that changing harvest, recovery, and reporting 
rates will have on indirect population estimates obtained 
via this model.
Population Estimates and Weighting Factors
Because simultaneous equations did not always yield 
realistic abundance estimates, and since the figures are 
not independent of either forest values or FHMUP, all 
three estimates of abundance were summed to produce the 
Row Sum column in Table 3. I believe this Row Sum value 
represents the best means of comparing relative abundances 
of wood ducks in the eastern United States and southeastern 
Canada during the 1962 through 1968 period. Ten states 
possessed over 53 percent of the total eastern United
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States breeding population; therefore, any adverse habitat 
or regulation changes in Alabama, Florida, Georgia, Louisi­
ana, Michigan, Minnesota, Mississippi, New York, North 
Carolina, and Wisconsin could greatly affect wood duck 
numbers throughout the United States. Canada was an impor­
tant production area responsible for at least 10 percent of 
the breeding wood ducks in eastern North America. This im­
plies that even though wood ducks are present in every 
eastern state, Canadian regulations and breeding habitats 
could have an important effect on wood duck numbers present 
in the United States during the fall hunting seasons.
Harvest
A major goal for obtaining relative density estimates 
in each state and province was the use of such information 
to correct for disproportionate banding efforts. Once 
data were corrected (weighted), survival and hunting 
pressure comparisons could be made between states, and the 
harvest derivation and distribution patterns for reference 
areas could be determined.
Harvest and Hunting Kill
The wood duck harvest remained fairly stable during 
the 196 3 through 1968 period and ranged from 425 thousand 
to 650 thousand, which indicated a slight upward trend in 
numbers shot. This agrees closely with harvest data com­
piled by Kaczynski (1968) and Kimball and Anderson (1969); 
however, personal communication with Dr. Fant Martin
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(August 1974, Migratory Bird and Habitat Research Labora­
tory, Laurel, Maryland) revealed that wood duck harvest has 
increased dramatically in more recent years. During the 
1969 through 1972 hunting seasons, estimated average harvest 
was 886 thousand— a percentage increase of approximately 77 
percent over the 1962 through 1968 periods of this study.
The rate of kill for wood ducks, like other water­
fowl species, varied by age-sex classes and ranged from 
23.1 percent for adult females to 35.3 percent for immature 
males (Table 31). These kill rates are similar to those 
calculated by Martinson (1966) and Kimball and Anderson 
(1969) for wood ducks harvested during 1965 and 1968. How­
ever, the overall average kill rate of 29.0 percent is 
slightly lower than similar averages for black ducks (Geis 
et al. 1971), canvasbacks (Geis 1959), and mallards (Geis 
et al. 1969) but higher than green-winged teal estimates 
(Moisan et al. 1967). Accuracy cf the wood duck estimates 
was influenced by size of the banded sample and reporting 
rate estimates.
Harvest Distribution
Geis and Cooch (197 2) showed that over 90 percent of 
the wood duck harvest in North America during 1967 through 
1969 occurred in states composing the six reference areas 
identified by this study. Approximately 15 percent of the 
harvest was attributed to Canada and 85 percent to the 
United States, figures which are similar to those in
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Table 7. Geis and Cooch (1972) also revealed that the 
Mississippi Flyway harvest of wood ducks was more than 
double that occurring in the Atlantic Flyway. Although 
harvest survey estimates of this research (Table 7) reveal 
a similar trend, weighted recoveries show less discrepancy 
between harvest of the Atlantic and Mississippi Flyways.
It does appear that wood duck harvest in the Mississippi 
Flyway exceeds that of the Atlantic Flyway but not to the 
extent indicated by previous U.S. Fish and Wildlife harvest 
surveys.
Carney et al. (1975) documented the average number of 
wood ducks harvested during the 1961 through 1970 hunting 
seasons for each county and state in the continental United 
States. Seven states (Florida, Illinois, Louisiana, 
Minnesota, New York, South Carolina, and Wisconsin) were 
responsible for over 56 percent of the harvest in the 
eastern United States. Data from my study reveal a similar 
trend for flyways. Relatively few states are responsible 
for more than one-half of the flyway harvest. This infor­
mation should be useful when reductions of harvest are de­
sired. It may be possible to achieve the desired results 
by limiting restrictive regulations to only a few important 
harvest areas.
More than 60 percent of the immatures banded within 
a northern reference area were harvested therein. Hunting 
seasons of these northern units were such that the harvest 
of local populations occurred before southern migration
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had been completed, resulting in a high local kill. The 
interchange between northern breeding areas appeared to be 
small; therefore, hunting regulations of these units will 
have little direct effect on other northern populations. 
However, within flyways, major regulation changes in 
northern or southern reference areas could be important be­
cause approximately 33 percent of the northern-banded wood 
ducks were harvested in southern reference areas.
Harvest Derivation
Weighted direct recoveries demonstrated an approxi­
mate 10 percent interchange of wood ducks between the 
Atlantic and Mississippi Flyways. This suggests that there 
is a good biological basis for management of the species 
within existing boundaries of these flyways. But in the 
future, it would be advantageous to manage by breeding 
populations within a flyway. For example, a desire to de­
crease the kill of wood ducks produced in the North Central 
Area would require no curtailment of the Lake States har­
vest because only a small percentage of the Lake States' 
harvest is derived from the North Central Area. Similar 
relationships exist for other northern reference areas; 
however, more than 57 percent of the southern harvest was 
of northern origin, indicating that harvest on the winter­
ing grounds could have an impact on wood duck numbers re­
turning north.
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Age and Sex Differences
There were differences among northern wood ducks in 
the distribution and derivation of harvest. Adult females 
and immatures of each sex were predominant in the harvest 
of northern states. In contrast, a higher proportion of 
the northern adult-male harvest occurred on wintering 
grounds later in the year. Similar age and sex patterns in 
harvest have been reported for black ducks (Geis et al.
1971) and mallards (Anderson and Henny 1972). Explanations 
are linked to the opening dates of waterfowl seasons and 
migrational behavior of wood ducks. Whatever the cause, 
there are important management implications for wood ducks. 
Changes in harvest levels within northern states are more 
likely to affect immatures of both sexes and adult females. 
Changes in harvest levels late in the year on the wintering 
grounds will have a greater impact upon adult males from 
northern populations.
Harvest Timing
Dates of waterfowl hunting seasons are usually se­
lected in accordance with migratory behavior and generally 
occur during a time of peak waterfowl abundance. Most 
northern reference areas select seasons which include 
October and November, while southern regions select for 
late November and December. These dates, in combination 
with age and sex migrational differences, account for the 
dominance of immatures and adult females in the October-
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November hunting period and the preponderance of adult 
males in the December-January harvest.
Migrational studies in northern states point out that 
after October few wood ducks remain; most have begun 
drifting southward in a leisurely fashion (Grice and Rogers 
1965, Barden 1968). An example of the importance of these 
temporal movements is demonstrated by the 1963 monthly har­
vest of New York wood ducks (Table 41). In 1963, the New 
York waterfowl season opened in early November, not the 
usual mid-October opening. The results showed 88.0 percent 
of the harvest occurring in November as opposed to a usual 
high percentage harvest in October. The effect of this 
late season beginning was a 1963 harvest of only 3,900 
wood ducks as opposed to previous annual averages of 27 
thousand, A similar occurrence was recorded in Massachu­
setts by Grice and Rogers (1965) when the 1952 hunting 
season was postponed until November 11. Wood ducks com­
posed only 9 percent of the November waterfowl bag as com­




Bellrose and Chase (1950), Smith and Geis (1961), 
Moisan et al. (1967), and Geis (1959) revealed that among 
mallards, black ducks, green winged teals, and blue 
winged teals - immatures had higher recovery rates than




TotalOctober November December January Other*
1962 94.7 5.1 0.0 0.0 0.2 100.0
1963 10.8 88.0 0.6 0.6 0.0 100.0
1964 93.0 6.4 0.2 0.0 0.4 100.0
1965 93.0 6.0 0.1 0.0 0.9 100.0
1966 94.5 4.9 0.0 0.0 0.6 100.0
1967 94.0 4.8 0.4 0.0 0.8 100.0
1968 93.1 6.9 0.0 0.0 0.0 100.0
Non-hunting season months.
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adults. Preseason banding data of my study show that a 
differential likelihood of recovery between immatures and 
adults was also characteristic of wood ducks, indicating 
higher gunning pressure upon immatures. Possible expla­
nations for differential vulnerability among waterfowl are: 
lack of wariness by immatures, migrational timing, differ­
ences in natural mortality, and behavioral characteristics 
involving feeding and molting periods.
Male wood ducks were more likely to be recovered 
than females, probably as a result of hunter selectivity 
for the more colorful males in combination with lower 
natural mortality rates for adult males.
Regional Variations
Kimball and Anderson {1969) and Kaczynski and Geis 
(1961), using limited data, concluded that wood duck di­
rect recovery rates for northern banding areas were gener­
ally higher than recovery rates of southern areas. My 
study corroborates their findings, indicating that differ­
ences in shooting pressure between different populations do 
exist. This may have been expected, since wood ducks from 
northern reference areas encountered a procession of 
opening hunting seasons during their southward migration, 
resulting in an extended open season. Recovery rates of 
southern reference areas were lower because of the 
buffering effect of northern birds during the hunting 
season and because southern wood ducks were exposed to a
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shorter hunting period.
Smith et al. <1963) stated that wood duck recovery 
rates in the Atlantic Flyway were about 30 percent higher 
than recovery rates in the Mississippi Flyway. 1 reached 
a similar conclusion. The higher recovery rates in the 
Atlantic Flyway were probably due to a limited habitat com­
bined with total flyway hunting periods that averaged 287 
days longer than those in the Mississippi Flyway (based on 
the total sum of hunting days in every flyway state).
Differences in migrational behavior suggest that 
relative recovery rate disparities among reference areas 
were due in part to availability of age-sex groups. For 
example, the adult male/adult female ratio in northern 
reference areas was low when compared to southern regions 
as a result of the migratory behavior of adult males, 
allowing them to escape the high October hunting pressures 
in northern units. Low adult male/adult female ratios 
could be due also to closer association of females with 
the more susceptible young during the first few months of 
fall. Anderson and Henny (1972) discussed this possibility 
in relation to disproportionate harvest of adult male 
mallards. They hypothesized that the later molting of 
adult females and their tendency to associate with imma­
tures male adult females more vulnerable to shooting early 
in the hunting season. Like mallards, adult female wood 
ducks may have needed considerably more food than adult
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males to replenish their energy for fall flights. This 
would necessitate more feeding flights and also subject 
adult females to additional hunting exposure early in the 
fall.
The lack of wariness of immatures during early fall 
in northern areas was also a factor in regional recovery- 
rate differences. Geis et al. (1971) found that immature 
black ducks were less vulnerable later in the hunting 
season due to a learning process as the season progressed 




Wood duck survival studies have been restricted to 
state or local estimates; few regional computations have 
been attempted. Mortality investigations in Maine and 
Vermont (Barden 1968), Massachusetts (Grice and Rogers 
1965), and Pennsylvania (Decker 1959) demonstrated a wide 
range of composite-dynamic mortality estimates for adult 
males (47.0 percent to 54.0 percent), adult females (51.0 
percent to 55.0 percent), and immatures (52.0 percent) 
to 82.0 percent). Smith et al. (1963) estimated wood duck 
mortality rates prior to 1962 in 10 northern states. The 
"unweighted" averages were; adult males, 49.6 percent; 
adult females, 52.6 percent; and immatures, 61.2 percent. 
In summarizing wood duck banding data prior to 1962,
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Kimball and Anderson (1969) estimated a mortality rate of 
approximately 50 percent for adults and 60 percent for 
immatures.
None of the above studies used weighted estimates and 
most were based on the composite-dynamic technique which 
required the following strict assumptions: (1) constant
annual survival rate, (2) constant population size, (3) 
constant recruitment rate, (4) constant hunting pressure, 
and (5) constant band reporting rate.
Survival estimates by the Seber method, which was 
used in my study, required none of the above assumptions. 
However, 1962 through 1968 mortality estimates of my in­
vestigation varied little from the above studies (adult 
males 45.0 percent, adult females 49.8 percent, immature 
males 57.1 percent, and immature females 55.5 percent).
Survival calculations for southern regions had large 
estimated variances due to insufficient banding and re­
covery data. The lack of survival estimates for immatures 
in the Southeastern Reference Area was partially responsi­
ble for low survival estimates of the Atlantic Flyway as 
shown in Table 30.
Differences in Survival
Earlier investigations by Smith et al. (1963), Grice 
and Rogers (1965), and Kaczynski (1968) revealed age and 
sex survival differences among wood ducks. Comparisons 
within my research produced similar findings; immatures
152
were less likely to survive than adults and adult females 
showed lower survival rates than adult males. The follow­
ing factors, which were responsible for differences in 
recovery rates, were also believed to be responsible for 
survival descrepancies: (1) differential lack of wariness
— immature versus adults, (2) differential chronology of 
migration, (3) higher natural mortality rates— especially 
adult females, (5) prolonged adult female associations with 
immatures, and (6) different nesting and behavioral charac­
teristics.
Several earlier reports describing possible survival 
differences between populations of wood ducks were pre­
pared by Grice and Rogers {1965} and Geis {1966). Their 
suspicions were confirmed by the results of my research. 
Wood ducks nesting above 42° north latitude had higher 
mortality rates than populations farther south. Direct re­
covery rates for southern populations were also signifi­
cantly lower than those of northern populations, indicating 
that survival differences could have been due to hunting 
pressure. Similar hunting pressure and survival relation­
ships have been documented for other species of waterfowl 
(Hickey 1952, Geis 1959, Geis and Smith 1962). However, 
correlations between high hunting pressure and low survival 
do not necessarily dictate a cause and effect relationship 
to shooting. The lower survival rates could also be in­
fluenced by high losses due to natural mortality elements. 
For example, Anderson (1975) concluded that mallard popu­
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lation fluctuations were more closely associated with 
annual changes in productivity than with annual changes in 
survival rates.
Hunting Mortal ity
The proportion of total wood duck mortality due to 
hunting (51 to 59 percent for immatures and 44 to 58 per­
cent for adults) compares favorably with estimates for 
other waterfowl species. However, comparisons with upland 
wildlife species reveal that wood ducks are more adversely 
affected by hunting than squirrel, rabbit, or quail popu­
lations. Geis (1963) discussed the role of hunting on 
waterfowl and pointed out the differential effects on resi­
dent game species and waterfowl. Waterfowl do not benefit 
from a self-regulation hunting-pressure process that occurs 
when resident species numbers are low. Migratory birds 
such as ducks are gregarious and utilize specific, limited 
types of habitat. Even when populations are low, sports­
men are able to locate and harvest waterfowl effectively. 
Also, unlike resident game species, waterfowl are exposed 
not to a single hunting season but a procession of hunting 
seasons as they migrate. Waterfowl have a hunting-season 
span many times longer than that of wildlife residing in 
one state, and they are exposed to the high hunting 
pressures of opening days in several states with continuing 
new groups of hunters. Studies on resident game species by 
Baskett (1947), Errington (1945), and Allen (1962) demon­
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strated that increased hunting mortality is compensated 
for by decreases in natural mortality along with increases 
in production due to lessening of density dependent limi­
ting factors. This is in contrast to studies on migratory 
game birds by Hickey (1952), Lauckhart (1956), and Geis 
(1963) which indicated that hunting pressure influences 
mortality rates of waterfowl. However, Anderson (1975) 
found that sampling variances of average mortality rates 
and average harvest rates for mallards were highly corre­
lated. Such relationships would suggest that past corre­
lation and regression analyses of harvest rates and survi­
val rates produced misleading results. More recent studies 
of waterfowl populations have presented evidence that 
compensation of natural mortality does occur as a result of 
shooting (Anderson and Burnham 1976).
Hunting Regulations
Relationship to Direct Recovery Rates
Previous studies concerning waterfowl populations 
have led to conclusions that changes in hunting regulations 
were an effective way of reducing hunting pressure (Geis 
et a l . 1971, Geis and Crissey 1969, Geis and Smith 1962). 
Some earlier wood duck studies have indicated similar 
relationships. Smith et al. (1963) showed that as hunting- 
season length increased or decreased, wood duck recovery 
rates changed in the same direction in 23 of 28 compari­
sons. Carney and Craft (1968) estimated that a wood duck
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bag restriction from two to one was responsible for a 22.7 
percent decrease of wood ducks in the hunters' bag.
Results of my study show that wood duck recovery 
rates were influenced by hunting-season length and bag 
limits. For reference areas above 4 2° north latitude, one 
of the most influential variables on direct recovery rates 
and thus hunting pressure was the total number of October 
hunting days. As previously mentioned, the migration of 
wood ducks is well underway during September and October 
in northern reference areas. Most of the wood ducks in far 
northern states have departed by late October; therefore, 
earlier seasons expose more birds to hunters and the heavy 
hunting pressures associated with opening dates.
Survival Relationships
In general, wood duck recovery rates were signifi­
cantly correlated with survival rates, indicating a re­
lationship between shooting pressure and survival. A 
trend which has been noted for other waterfowl species 
(Geis 1963, Martinson et a l . 1968). Due to relationships 
between direct recovery rates and survival and direct re­
covery rates and regulations, inductive reasoning would 
also indicate a correlation between survival and hunting 
regulations. However, this could not be verified. Again, 
insufficient data coupled with wood duck regulation 
variables that changed very little during the period of 
study were believed to preclude any meaningful comparisons.
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Another possible reason for ambiguity was the effects of 
bag limits of other waterfowl species. Other inconsisten­
cies of survival and regulation comparisons could have been 
due to the fact that harvest# number of active hunters, and 
wood duck abundance were each estimates and, as such, were 
subject to the vagaries of sampling and bias error.
Population Status
Population Trends
Wood duck densities in the United States are esti­
mated annually by the U.S. Fish and Wildlife Service 
following a technique described by Kaczynski and Geis 
(1961) and Geis (1966) . Estimates by the Fish and Wildlife 
Service method from 1962 through 1968 revealed a slightly 
increasing wood duck population with a seven-year average 
of 2.6 million birds in the eastern United States. Esti­
mates by the simultaneous equation technique of my study 
showed approximately 3.3 million wood ducks during the 
same period; a slightly higher estimate due mostly to the 
inclusion of eastern Canada, and the use of individual 
state direct-recovery rates in the recovery matrix. Other 
discrepancies between the two estimates are attributed to 
the following sources of error associated with the U.S.
Fish and Wildlife Service technique: (1) the use of un­
weighted recovery rates to calculate an average recovery 
rate for each flyway, (2) an assumption that reporting 
rates were the same for all states, and (3) the disregard
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for crossing over of wood ducks between flyways and Canada. 
Both techniques have common sources of error: (1) inade­
quate banded samples, (2) use of a parts-collection survey 
which is subject to large sampling errors, (3) reliance on 
harvest data that are subject to bias and sampling vagaries, 
and (4) imprecise means of estimating reporting rates.
The extent to which wood duck populations will in­
crease, decline, or tend to stabilize depends upon the 
extent to which productivity matches mortality. Indirect 
population estimates derived from simultaneous equations 
show that over the 1962 through 1968 period immatures 
averaged 53.7 percent of the preseason population or an age 
ratio of 1.2 immatures per adult. Estimates obtained by 
adjusting annual age ratios in the harvest to those in the 
preseason population show a ratio of 1.14 immature females 
per adult female. A production ratio of 1,14 versus 1.10 
(as estimated from survival rates of 50.2 percent for adult 
females and 4 5.5 percent for immature females) does indi­
cate a trend of slightly increasing wood duck numbers 
during the 1962 through 1968 period. Admittedly the infor­
mation used to assess population status was limited in both 
quantity and precision, and a comparison of rates of sur­
vival and productivity would have been more meaningful if 
measured on an annual rather than average basis. Neverthe­
less, these data do indicate a trend toward increasing wood 
numbers in the eastern United States and Canada. But as 
previously mentioned, survival rates, harvest, and loss of
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forest habitats have differed within the various defined 
reference areas. Population levels within individual 
breeding areas could be increasing or declining, and this 
might not be reflected in the overall eastern North America 
trend.
Forest Habitat Trends (1950's and early 19601s)
During a 1965 wood duck management and research sym­
posium, trends in forest habitats during the 1950's and 
early 1960's were discussed for various regions of the 
eastern United States. Stearns (1966) discussed forest 
habitat trends for the North Central states and emphasized 
changes in acreages of lowland hardwood forests and asso­
ciated communities. Trends in these lowland types were 
believed to be most important due to associations with 
water as well as other biological and physical character­
istics of lowlands. Characteristics such as (1) low dura­
bility and persistance leading to decay, (2) spreading 
crown forms contributing to splitting and breakage, and (3) 
low wood strength of such species as willow, cottonwood, 
and sycamore were considered important attributes contri­
buting to cavity development. Stearns (1966) concluded 
that the forest acreages of these lowland types had de­
clined greatly in the last 150 years, but recent indica­
tions (1950 to 1960) were that the decline had reversed.
In a similar review of five forest types thought to 
be important to wood ducks in the Northeastern sector of
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the United States, Aultfather (1966) found that acreages 
of Oak-Gum-Cypress types had declined by 2.3 million acres 
(0.9 million hectares) during the 1950's and early 1960's. 
However, he concluded that this loss was being offset by 
gains in Oak-Hickory (plus 537 thousand acres or 217 
thousand hectares), Elm-Ash-Cottonwood (plus 1.8 million 
acres or 0.7 million hectares), Maple-Beech-Birch (plus 152 
thousand acres or 62 thousand hectares), and Aspen-Birch 
(plus 278 thousand acres or 112 thousand hectares).
In contrast to trends of stability in the northern 
sections of the United States, Hankla and Carter (1966) 
concluded that land use activities in the Southeastern 
states during the 1950’s and early 1960's had produced an 
overall adverse impact on wood-duck forest habitats. 
Drainage and clearing were cited as the most prominent 
causes of decreasing wood duck habitats with flood control, 
pollution, and forest management practices also being cited 
as detrimental factors.
Forest Habitat Trends (1960 to 1970)
The 1950 and 1960 trends of stability in northern 
wood duck habitats and slightly decreasing acreages for 
southern hardwood forest began to change during the mid- 
1960's. Although commercial forest land of the northern 
United States increased by 2.8 million acres (1.1 million 
hectares) during this period, there was a 7.4 million acre 
(3.0 million hectares) loss of forest habitat in the
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southern regions (U.S. Forest Service 1973a). More im­
portantly, the combined acreages of hardwood forest types 
most essential to wood ducks (Oak-Gum-Cypress, Maple-Beech- 
Birch, and Elm-Ash-Cottonwood) revealed an overall net de­
crease in the eastern United States of 5.0 million acres 
(2.C million hectares) during the 1960's (U.S. Forest 
Service 1965 and 1973a). Bottomland-hardwood forest types 
were reduced nearly 20 percent during this decade as a 
result of clearing forest lands for crops along the deltas 
of the Mississippi River and its tributaries. Although the 
net growth of Eastern hardwoods exceeded removal during the 
1960's, the extensive clearing of bottomlands in the 
southern United States has resulted in a hardwood volume 
removal exceeding net growth (U.S. Forest Service 1973a).
Flood control, channelization, watershed protection, 
expanding agriculture, urban development, industrial use, 
irrigation, and water diversion projects were the incen­
tives that resulted in a clearing of millions of acres of 
bottomland-hardwood forests and ditching of thousands of 
miles of streams in the southeastern and north-central 
sections of the United States.
Twenty million acres (8.1 million hectares) of 
wooded swamps, batture land, and overflow hardwood bottom­
lands remained along the Mississippi River and its tribu­
taries during the 1950's. By mid 1960 hardwood-forest 
conversion to croplands in the lower half of the Missis­
sippi River basin had resulted in a reduction of waterfowl
161
habitat values on approximately two-thirds of the overflow 
areas {U.S. Fish and Wildlife Service 1975). During the 
1960's, an average of 200 thousand acres (81 thousand hec­
tares) of bottomland hardwoods were cleared annually in the 
lower Mississippi River region (Ladd et al. 1974).
The rapid loss of prime wood duck habitat in southern 
reference areas is illustrated in Table 40. Almost 7 
million acres (2.8 million hectares) of the best wood duck 
habitat (Oak-Gum-Cypress Type) was lost between 1963 and 
1970. Madson (1974) and Yancey (1970) attributed a large 
portion of this forest loss to channelization which has led 
to the drainage of lowland forests and subsequent wholesale 
cutting. Madson (1974) pointed out that in western Tennes­
see, channelization has devasted 75 percent of the flood- 
plain forest. During the 1960's, 150 thousand acres (60.7 
thousand hectares) of bottomland timber and wetlands were 
also destroyed annually in neighboring Arkansas. Of the 
original 10 million acres (4 million hectares) of bottom­
land hardwoods in eastern Arkansas, less than 2 million 
(0.8 million hectares) remains. Similar circumstances 
have been documented for Louisiana by Yancey (1970). The 
bottomland-hardwood region of northern Louisiana was 
originally composed of approximately 5.6 million acres 
(2.3 million hectares). By 1969, land clearing operations 
had reduced this to 2.5 million acres (1.0 million hec­
tares)— a rate of loss equal to 111 thousand acres (44.9 
thousand hectares) per year between 1962 and 1968.
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Assuming that this rate of loss will continue, only 630 
thousand acres (255 thousand hectares) will be left in 
north Louisiana by 1985. Yancey (1970) predicted that such 
a loss will decrease wood duck populations in north 
Louisiana from the present 56 thousand to 8 thousand.
The overall decline of Eastern forest habitats impor­
tant to wood ducks does not coincide with population trends 
that show an increase in wood duck numbers. Possible ex­
planations for this anomaly are* (1) regional differences 
in forest trends and wood duck breeding densities, (2) 
nesting adaptability of the wood duck, (3) benefits of 
man-made nesting structures, (4) the expansion of beaver 
populations, and (5) an increase in the volume of hardwood 
growing stock classified as occurring in the larger tree- 
diameter classes.
Sixty percent of the Eastern wood duck breeding popu­
lation occurred in northern reference areas where there was 
a 3.7 million acre (1.5 million hectare) increase in the 
Elm-Ash-Cottonwood forest type. I believe increases in 
this forest type more than compensated for decreases in 
northern forest types less valuable to the wood duck. The 
greatest loss of important forest habitats occurred in 
southern reference areas; however, only 40 percent of the 
breeding population was harbored in the south, and this is 
where a large resurgence of beaver populations has origi­
nated. The heavy use of beaver ponds by wood ducks and 
the importance of such ponds to wood duck broods has been
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well documented (Beard 1953, Arner 1963, Webster and 
McGilvrey 1966). During the 1950's and 1960's, there was 
a pronounced increase in the density and range of beavers 
in the southern United States (Speake 1956, Arner et al. 
1969, Woodward and Hair 1976, Hill 1976). The willingness 
of wood ducks to nest more than one-half mile from water 
and their enthusiasm for nesting in thousands of available 
man-made nesting boxes were other factors which could have 
cushioned the loss of bottomland-hardwood habitats. An­
other trend which offset the loss of forest habitats was 
an increase in the volume of hardwood growing stock 
classified in the larger tree-diameter classes. The pro­
duction of tree cavities suitable for wood ducks, increases 
with an increase in tree diameter, especially when diam­
eters at breast height exceed 19 inches (48.7 cm). Statis­
tics compiled by the U.S. Forest Service for the period 
1962 through 1970 show an 8 percent increase of hardwood 
growing stock exceeding 19 inches (48.7 cm) in diameter 
(U.S. Forest Service 1965 and 1973a).
Estimating Future Habitat Trends
Difficulties inherent with assessing wood duck habi­
tat trends during the 1950’s and early 1960's remained the 
same for evaluating trends during the 1960*s and 1970's. 
Limiting factors were the lack of on-the-ground studies to 
define quantitatively and qualitatively forest habitats 
preferred by wood ducks. Because basic biological and
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ecological forest habitat requirements are not available on 
a state or regional basis, there was no way of accurately 
verifying the impacts of land use other than in general 
terms such as changing acreages of various forest types.
There are several characteristics of trees and forest 
types which could influence their importance to wood ducks. 
Hansen's (1966} discussion of the decay process in specific 
trees and forest types shows that such features as tree 
size, longevity, distribution and density, sprouting, and 
susceptability to decay are important in cavity formation. 
Hansen also concluded that trees with the following traits 
were most likely to produce suitable wood duck cavities: 
a diameter at breast height greater than 16 inches (40.6 
cm), long life expectancy, and location on a floodplain 
site. This was particularly true for species such as bass­
wood and sycamore that could regenerate from sprouts, or 
those that were subject to splits, wind breakage, stem 
cankers, and woodpecker damage.
Weier's (1966) summary of wood duck nest sites in 
Missouri serves as an example of the type of field work 
presently needed in major forest types of each state. He 
conducted a cavity survey of the three timber types (Pin 
Oak-Overcup Oak, Elm-Ash-Maple, and Upland Hardwoods) 
occurring in the Mingo National Wildlife Refuge. The 
highest density of tree cavities was found in the Elm-Ash- 
Maple type (2.2/acre or 5.4/hectare), followed by the 
Upland Hardwood type (1.0/acre or 2.5/hectare), and Pin
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Cak-Overcup Oak type (0.5/acre or 1.2/hectare). However, 
the greatest number of "suitable” wood duck cavities were 
found in the Upland Hardwoods type (0,3/acre or 0.7/hec­
tare). In all forest types, the occurrence of cavities in­
creased with tree size. There were few cavities in trees 
less than 15.5 inches (39.4 cm) dbh while trees greater 
than 27.5 inches (69.8 cm) dbh had the greatest number of 
cavities. Broken limbs were the origin of 61 percent of 
cavities, 18 percent were due to fire scar, lightning and 
logging caused 8 percent of the cavities, and at least 4 
percent were due to woodpeckers. Cavities were most promi­
nent in such species as black oak, black gum, willow, elm, 
red maple, cypress, and ash; thus leading to the conclusion 
that forest types with such mature and overmature cavity- 
prone species would be best for breeding wood ducks.
Bellrose et al. (1964), studying the relative value 
of natural cavities in Illinois wood lots and bottomland 
areas, found one natural cavity per 5 acres (2.0 hectares) 
in black-oak wood lots as opposed to one natural cavity per 
16 acres (6.5 hectares) in bottomland species. Natural 
cavities with small entrances were preferred, with cavities 
containing over 5 thousand cubic inches not acceptable. 
Cavities high in trees, less than 50 inches (1.3 m) deep, 
and located over water were also preferred. Next in 
acceptance were those located in open parklike woods with 
cavities in dense woods being the least acceptable.
Prince (1968) found that silver maple and elm were
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the better cavity forming species in floodplain forests of 
New Brunswick, and he also concluded that nesting wood 
ducks preferred forests that were relatively open.
Gigstead (1938) inspected actual nests of wood ducks 
in the Illinois River bottoms and found that 58 nests were 
located as follows: 51 percent in black oaks, 14 percent
in red oaks, 12 percent in sycamore, 9 percent in pin oak,
8 percent in elm, and 6 percent in maple and basswood. He 
concluded that oak wood lots within a third of a mile from 
water made the most attractive nesting locations.
Baumgartner (19 39) stated that the most important 
conditions in den formation for squirrels were size of 
limbs in which decay enters, location of tree, site factors 
influencing growth, presence of squirrels, water draining 
on the tree trunk, and age and density of the stand. It 
was also important to have a mixture of trees that would 
decay and develop den cavities at varying rates. For 
example: blackgum, beech, and maples were good candidates
for forming dens within a few years, and oaks were good in 
their later years (Uhlig 1956, Nixon 1968).
It is apparent from the above studies that research 
concerning trends in forest habitats important to wood 
ducks must take into consideration the characteristics of 
individual tree species composing each forest type. Re­
sistance to breakage and splitting, susceptibility to 
decay and bird damage, size and longevity, cavity formation, 
and sprouting characteristics are important factors to be
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weighed. The densities (basal area) associated with 
various forest types and relationships with mesic sites 
must also be brought into play. The issue is further com­
plicated by the importance of wood duck "brood" habitats.
As with nesting habitats, there remains a lack of knowledge 
on the site and plant constituents that produce good brood 
habitat. Although some research describes what is believed 
to be the general characteristics of ideal brood habitat 
(Webster and McGilvrey 1966, Hardister et al. 1965), it has 
been pointed out that the descriptions were largely a 
matter of judgement or experience and not quantitative 
measurements.
SUMMARY AND CONCLUSIONS
This research was initiated in 1970 to study the wood 
duck, a waterfowl species dependent upon forest environ­
ments for food, shelter, and nesting. The wood duck is an 
important wildlife resource which consistently ranks third 
or fourth in the total United States waterfowl harvest and 
second in the Atlantic and Mississippi Flyway waterfowl 
harvests. Because its breeding range includes every state 
in the eastern United States, the wood duck is judged our 
most important resident waterfowl species.
Most studies of the wood duck have been local in 
nature and concentrated on life history events. The 
evaluation of wood duck populations on a broad regional or 
population-unit basis has been curtailed by their forest 
habitat, which precludes the use of conventional waterfowl 
survey methods to estimate wood duck population densities 
and production. The status and dynamics of the major wood 
duck populations of eastern North America have not been 
adequately assessed. A knowledge of regional differences 
in population size, forest habitats, harvest characteris­
tics, hunting pressure, and survival would encourage more 
intensive management of this waterfowl resource.
The objectives of this study were to (1) identify 
different summer and winter populations of wood ducks in
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eastern North America, (2) analyze survival, harvest, and 
density characteristics of each identified population, (3) 
determine area trends in forest habitats important to wood 
ducks, and (4) evaluate effects of hunting regulations and 
harvest on wood duck population status.
Data Source and Methods
Banding, recovery, and waterfowl survey records 
assembled by fish and wildlife agencies of the United 
States and Canada were the major sources of data used to 
identify and characterize wood duck populations in eastern 
North America. Only band recoveries obtained from wild 
wood ducks caught, banded, and released in a normal manner 
during the preseason (May through September) and winter 
(December through March) periods of 1950 through 1968 were 
used. Restrictions on periods of banding and recovery, 
status of banded birds, and manner of band recovery (shot 
or found dead) were necessary to ensure that banded birds 
were representative estimators of sampled populations.
Different populations were identified by plotting the 
geographic band-recovery locations (1 degree blocks of 
latitude and longitude) of wood ducks banded during pre­
season and winter periods, 1950 through 1968, and later 
shot or found dead during a hunting season. States and 
provinces from which the geographic distribution of re­
coveries showed similar patterns were combined into 
reference areas.
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Three indirect approaches were used to estimate 
average indices of wood duck abundance for states and pro­
vinces within each reference area. The first estimate, 
forest values, was based on a subjective assignment of im­
portance values to six major forest types occurring in 
eastern North America. Numerical importance values (0.5 to 
10.0) for each type were based upon known wood duck habitat 
requirements, silvical characteristics of each forest type, 
and the general physiography of the state in which each 
type occurred. A population density index was obtained by 
summing the products of forest-type acreages and assigned 
wood duck importance values. The second method (FHMUP) 
used estimates of wood duck abundance described in a 1965 
waterfowl population-density model developed jointly by 
state conservation departments and the U.S. Fish and Wild­
life Service. The third technique consisted of solving a 
set of simultaneous linear equations by means of computer. 
Adjusted matrices of harvest rates and wood duck harvest 
were utilized in this mathematical estimate of wood duck 
abundance.
Weighting factors for banded wood ducks were obtained 
by dividing the number of preseason banded birds of each 
state or province into the estimated population density of 
that area. This provided an estimate of the number of wood 
ducks represented by each banded sample.
Numbers of wood ducks harvested during 1962 through 
1968 were obtained from hunter harvest-survey and wing-
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collection data filed with the U.S. Fish and Wildlife Ser­
vice. The harvest distribution of adults and immatures 
was determined from weighted direct recoveries (1950 through 
1968) and weighted wing-collection surveys (1962 through 
1968) administered by the U.S. Fish and Wildlife Service.
The source of wood ducks harvested in states and reference 
areas was calculated exclusively from weighted direct re­
coveries of wood ducks banded May through September 1950 
through 1968. Temporal harvest patterns by age and sex 
were estimated from monthly direct recoveries of wood ducks 
banded May through September 1950 through 1968 and from 
weighted wing-collection data, 1962 through 1968.
Estimated annual and average annual survival rates 
for adult and immature sex classes were calculated from 
banding and recovery data, 1950 through 1968. These data 
were submitted to a computer program which provided time- 
specific survival estimates, associated variances, and 
goodness-of-fit tests. Reference-area survival rates were 
estimated by weighting (based on population density) and 
averaging the annual survival rates of component states or 
by calculating annual survival rates from the composite 
of all banding and recovery data related to a reference 
area.
Reference area banding quotas necessary to reduce 
survival variance estimates were obtained from survival and 
direct recovery rates. The procedure was to create 
numerous sets of data by utilizing constant survival rates
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and fixed direct recovery rates, but varying the numbers- 
banded variable. Deterministic data sets were submitted 
continuously to a computer program until a change in the 
numbers-banded variable produced the predetermined survival 
rate and an associated coefficient of variation between 10 
and 20 percent.
Chi-square tests were used to see if the proportion 
of banded wood ducks recovered by hunters differed between 
geographic areas or time intervals. A least squares 
analysis of variance and orthogonal comparisons were con­
ducted to evaluate age-sex differences in direct recovery 
rates.
The student's "t" test and paired "t" tests were 
employed to examine mean survival differences for birds 
banded above and below 42° north latitude and for differ­
ences among wood ducks banded in various flyway states. 
Nonparametric tests were used to test the response of 
recovery and survival rates to changes in hunting regula­
tions. Nonparametric tests were also employed to deter­
mine what directional change (+ or -) survival rates would 
take when compared with periods of extremely low and high 
hunting pressure.
Multiple regression analyses, with the maximum 
improvement procedure, were conducted to identify what 
hunting-regulation variables explained the greatest 




Large numbers of wood ducks had been banded and re­
covered prior to 1969, but restrictive criteria left a 
maximum of 14 thousand recoveries for identification of 
breeding reference areas. Plotted recoveries revealed 
little interchange of wood ducks (8 to 10 percent) between 
the two eastern flyways; however, the geographic recovery 
distributions of more than 130 thousand banded birds were 
of sufficient difference to identify six major summer 
reference areas. States within the Atlantic Flyway, plus 
Ontario and Quebec, were grouped into three reference 
areas (Northeastern, New York-Eastern Canada, and South­
eastern) . Three reference areas were also identified for 
the Mississippi Flyway (North Central, Lake States, and 
Southern). Only 730 recoveries were available to define 
the two winter reference areas (Atlantic and Gulf Coast).
Combined population density estimates showed that 
52 percent of the summer wood duck population of eastern 
North America occurred in the Mississippi Flyway, 38 per­
cent inhabited the Atlantic Flyway, and 10 percent were 
harbored in Ontario and Quebec. The calculated density 
distribution by reference areas was as follows:
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A combination of 10 states possessed more than 50 percent 
of the Eastern breeding population.
The limited crossover of wood ducks between flyways 
indicates a good biological basis for administrative 
management within existing flyway boundaries. However, 
more intensive management can be obtained if a reference- 
area management scheme is adopted. Differences in hunting 
pressure, kill, and harvest characteristics are sufficient 
ly large to warrant a movement toward differential hunting 
regulations for wood ducks. However, optimal management 
by reference areas cannot be obtained until more accurate 
density estimates are possible for each population. Indi­
vidually, forest value and FHMUP techniques are too sub­
jective for present use. Limiting factors are a lack of 
field studies that document forest habitats preferred by 
wood ducks and their broods. I believe mathematical 
techniques {simultaneous equations) hold more promise as a 
useful means for indirectly estimating population numbers. 
Unfortunately, U.S. Fish and Wildlife waterfowl-survey 
techniques and state banding efforts are currently
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inadequate for reliable mathematical estimates.
Harvest
Total annual harvest, 1962 through 1968, averaged 
0.5 million wood ducks, but harvest approached 1.0 million 
during the early 1970's. Hunters bagged almost 20 percent 
of the preseason population. Corrections for crippling 
loss elevated wood duck kill rates to 30 percent of the 
preseason population. Estimates of harvest distribution 
varied; however, most wood ducks were bagged in the Missis­
sippi Flyway (48 to 55 percent), Atlantic Flyway (26 to 40 
percent) and eastern Canada (10 to 17 percent). A few 
states, six or seven within each flyway, were responsible 
for 70 percent of flyway harvest.
An average of 3 to 4 percent of the wood ducks 
banded in southern regions were harvested in northern 
states the first year following banding; conversely, an 
average of more than 4 0 percent of the northern banded 
birds were harvested on the wintering grounds. Among 
northern banded birds, most were harvested within the 
reference area of banding (immatures 61 percent, adults 44 
percent) or on southern wintering sites. Few were har­
vested in adjacent northern reference areas (immatures 9 
percent, adults 7 percent). Harvest distributions for 
northern wood ducks differed significantly among age-sex 
groups ( p < 0.01). Immatures and adult females were more
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likely to be shot within the reference area where banded 
(October and early November harvest), whereas northern 
adult males predominated in the late winter harvest of 
southern states {December and January). Harvest derivation 
data demonstrated that northern states derived most of 
their harvested wood ducks (8 8 to 92 percent) from locally 
produced birds as opposed to southern states which derived, 
on the average, only 40 percent of their harvest from 
native wood ducks. Peak harvest of northern populations 
occurred in October as compared to December for southern 
populations. A delay, until early November, in the open­
ing of northern hunting seasons was often followed by 
marked decreases in the number of wood ducks harvested.
Wood duck distribution, derivation, and temporal 
differences in harvest lead to several conclusions.
Changes in harvest within northern states are more likely 
to affect immatures and adult females, rather than adult 
males. Changes in harvest levels late in the year on 
wintering grounds will have greater impact upon adult males 
from northern populations. However, other age-sex groups 
can be affected by late winter harvest since more than one- 
half of the southern bag is composed of northern birds.
The relationships between northern hunting seasons and 
temporal movements of wood ducks demonstrate that a delay 
in the opening of northern hunting seasons beyond October 
can reduce wood duck numbers harvested in northern states.
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Recovery and Survival Rates
First year recovery rates differed significantly be­
tween wood duck age-sex groups (p < 0.01). Immature re­
covery rates were higher than adult rates (p< 0.01), and 
males were more likely to be recovered than females 
(p<0.05). In general, band recoveries of Atlantic Flyway 
birds were higher than those of wood ducks banded in the 
Mississippi Flyway (p<0.01). Adult wood duck recovery 
rates in eastern North America ranged from 0.026 to 0.066, 
and immature rates varied from 0.025 to 0.091. Recovery 
rates for birds banded above 42° north latitude were sig­
nificantly higher than rates for wood ducks banded below 
this line (p<0.01).
Throughout their range, adult wood ducks demonstrated 
significantly higher rates of survival than immatures 
(p <0.01). Average adult male survival rates were higher 
than those of adult females <p<0.05), but average survival 
was essentially the same for immatures (p >0.10). The 
lowest survival rates were most often associated with birds 
banded in northern states; whereas, the higher survival 
rates were characteristic of southern banded birds. 
Excluding immature females, wood ducks banded above 4 2° 
north latitude had significantly lower survival rates than 
birds banded below this line {p <0.05). The average sur­
vival rates for wood ducks banded 1960 through 1968 was
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as follows: adult males, 45.0 percent; adult females,
49.8 percent; immature males, 57.1 percent; and immature 
females, 55.5 percent. The proportion of total annual 
mortality due to hunting averaged 54.0 percent and ranged 
from a high of 59.4 percent for adult males to a low of 
44.0 percent for adult females.
The variations in recovery rates among wood duck age- 
sex groups and geographical areas are indicative of hunting 
pressure discrepancies. A lack of wariness by immatures, 
migrational timing, differences in natural mortality, be­
havioral characteristics, and hunter selectivity were 
forces responsible for recovery differences among wood 
ducks. The heavy hunting pressures experienced by migra­
ting northern wood ducks were the result of encountering a 
procession of opening hunting-season dates of several 
states. The overall effect was an extended hunting season 
and heavy gunning pressure. Recovery rates and thus hunt­
ing pressure of southern wood duck populations were low 
due to buffering effects of northern wood ducks, and be­
cause southern birds were exposed to shorter hunting 
per iods.
Throughout eastern North America there are age and 
sex and often geographical differences in wood duck survi­
val rates. However, I feel that banding and recovery 
records were not adequate to assess the extent to which 
there were real d i f f e r e n c e s  in survival rates between the
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six population reference areas. Higher survival rates of 
several southern areas do suggest an opportunity for in­
creases in hunting recreation. However, any increased 
harvest in southern regions should occur before the major 
influx of northern migrants and preferably only after 
additional banding programs have verified significant sur­
vival differences between populations.
Hunting Regulations
Comparisons between hunting regulations and the wood 
duck harvest index revealed a direct relationship. A 
larger fraction of the eastern North American population 
(0.08 to 0.15) was harvested during periods of liberal 
waterfowl regulations. In 47 immature male and 45 imma­
ture female comparisons of direct recovery rates and 
hunting regulations, direct recovery rates increased 40 
times in direct relation to increases in liberalization of 
hunting regulations (p<0.01). Similar relationships pre­
vailed for adults (p< 0.05). The total number of water­
fowl hunting days in October and total Flyway hunting days 
were regulation variables exhibiting high coefficients of 
determination with the dependent variable, direct recovery 
rate .
Correlation tests involving direct recovery rates and 
corresponding survival rates for selected states revealed 
the following relationships: immature male, r = -0.69
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(p < 0.01); immature female, r = -0.23 (p > 0.05); adult 
male, r = -0.84 (p < 0.01); and adult female, r = -0.67
(p > 0.05). Changes in survival rates could not be re­
lated to extreme changes in the direct recovery rates of 
immature males (p > 0.25) or immature females (p > 0.64). 
The associated probability of occurrence of high survival 
with strict hunting regulations was 0.19 for immature 
males and 0.27 for immature females.
It appears that wood duck direct recovery rates, and 
thus hunting pressure, are influenced by length of water­
fowl season and "duck" bag limits. In years with liberal 
regulations, direct recovery rates will be high and the 
harvest index will increase. Conversely, the more restric­
tive waterfowl regulations will be characterized by lower 
recovery rates and a reduced harvest index. Influential 
regulation variables affecting hunting pressures on 
"northern" populations are the total number of October 
hunting days and total hunting days in a parent flyway.
This implies that a delaying of the hunting season until 
late October or early November, and/or a reduction of total 
flyway hunting days, will be most productive in decreasing 
hunting pressure. Relationships between hunting regula­
tions and survival rates are not conclusive. Significant 
associations may materialize when direct recovery rate and 
survival comparisons are limited to periods with large 
banded samples, but even then, exceptions can occur. This
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does not mean that wood duck survival rates are not in­
fluenced by hunting regulations. Insufficient recovery 
data, inaccurate surveys, hunting regulations for other 
waterfowl species, and relatively stable wood duck hunting 
restrictions have precluded the detection of any possible 
cause and effect relationships.
Population and Habitat Status
The average preseason estimate of wood duck numbers 
during 1962 through 1968 was 3.3 million birds. Estimates 
of the immature to adult ratios ranged from 1.2 to 1.3, and 
the sex ratios were 1.13 adult males per adult female and 
1.19 immature males per immature female. The average 1962 
through 1968 preseason production ratio was 1.14 immature 
females per adult female.
During the 1960’s more than 13 million acres (5.3 
million hectares) of forest habitats having potential for 
wood ducks were lost in eastern North America. Critical 
losses of the most valuable habitats occurred in southern 
reference areas where more than 600 thousand acres (243 
thousand hectares) of bottomland hardwoods were lost 
annually. Overall, there was a 20 percent decrease in 
bottomland-hardwood forest in eastern North America during 
the 1960's .
Although wood duck kill rates approached 29 percent 
and hunting was responsible for 54 percent of total annual
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mortality, productivity was more than sufficient to replace 
mortality. Consequently, wood duck populations increased 
in numbers during the I960's. I should stress that this 
increase was for the entire Eastern population. Individual 
breeding populations could vary from such a trend, and this 
would not necessarily be reflected in an overall estimate. 
Although wood duck numbers increased during the decade of 
the 1960's, there was a definite trend toward decreasing 
forest acreages important to nesting wood ducks. This is 
particularly true for floodplain forests where drainage, 
channelization, clearing for crops, flood control, pollu­
tion, and forest management practices have acted as detri­
mental factors. The extensive loss of southern-forest 
nesting habitats was cushioned by increases in beaver popu­
lations and thus increases in wood duck brood habitats. 
Nevertheless, if the past trend of vanishing bottomland- 
hardwood forests continues; there will be a reduction in 
wood duck carrying capacity of many southern states.
Banding
Restrictions on banding data left a maximum of 20 
thousand recoveries for analysis. The greatest number of 
wood ducks (63,524) was banded in the North Central Refer­
ence Area as compared to a low of 5,446 in the Southeastern 



















Although large numbers of wood ducks had been banded 
prior to 1970, much of the recovery data could not be used 
due to inconsistent banding efforts and season of year 
that banding occurred. To estimate parameters that are 
associated with specific wood duck populations, samples 
should be banded when wood ducks are on their breeding 
grounds. Banding intensity was also inadequate for study­
ing population characteristics of several reference areas. 
Notable deficiencies were in Quebec, portions of Ontario, 
Maritime Provinces, several Atlantic Coastal states, and a 
majority of those states in the Southern and Southeastern 
Reference Areas. Sufficient banded samples can be obtained 
if banding quotas are assigned to reference areas followed 
by an allocation of subquotas to individual states. Until 
satisfactory population estimates of wood ducks can be ob­
tained, I believe banding will continue to be the most 




Administratively and biologically there is a good 
basis for management of wood ducks within existing boun­
daries of the two eastern flyways; however, there are 
strong implications that management by reference areas 
would offer considerably more opportunities for differen­
tial hunting regulations and thus more intensive manage­
ment of the resource. As an example, limited data show 
sufficient recovery and survival rate differences among 
geographical areas to suggest more liberal hunting regu­
lations for wood duck populations of the deep south. How­
ever, such a liberalization should not occur while northern 
birds are on the wintering grounds because wood ducks from 
many northern populations are exposed to heavy shooting 
pressure and low survival rates. An experimental, early 
September wood-duck hunting season would be more appro­
priate, and such a season would also provide valuable in­
formation on the migrational behavior and early fall move­
ment of northern birds into southern harvest areas.
In the absence of a direct census to estimate wood 
duck numbers, the most promising solution lies in the 
development of mathematical models to indirectly estimate 
population abundance. Ambiguous estimates of this study 
were the result of inadequate federal survey data and 
sampling vagaries, I recommend the initiation of larger 
and more consistent banding and hunter-survey programs to
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improve sampling frames utilized by the U.S. Fish and 
Wildlife Service. A wood duck reward-band study should be 
given serious consideration in order to obtain representa­
tive reporting rate estimates. I also recommend additional 
investigations to determine the accuracy and precision of 
simultaneous equation estimates under various conditions of 
banding effort, hunting pressure, and reporting rate 
trends. Future goals should be to estimate population 
densities within individual reference areas, and the simul­
taneous equation approach is one means by which this can 
be accomplished.
There is, and will continue to b e , a desire to show 
the relative importance of Eastern forest types to wood 
ducks. I recommend additional on-the-ground studies to 
define quantitatively and qualitatively forest habitats 
preferred by wood ducks and their broods. Individual 
tree characteristics that should be documented during 
such studies are as follows: resistance to breakage and
splitting, susceptabi1ity to decay and bird damage, maxi­
mum size and longevity, other cavity formation traits, 
sprouting capabilities, and wood duck food-production 
potential. Important site qualities to be noted are basal 
area, soil moisture, light intensity, associated plant 
species, and actual use by wood ducks.
Length of the waterfowl season, "duck" bag limits, 
number of October hunting days, and wood duck movements
1 8 6
were important factors affecting hunting pressure and 
harvest of wood ducks, and they should be assessed when­
ever a change in harvest is desired. The relationships 
between shooting mortality, survival, and regulations 
could not be documented; therefore, much additional re­
search is needed to evaluate the impact of hunting upon 
wood duck survival. Such research will require that 
hunting restrictions for wood ducks be allowed to vary as 
opposed to the unchanging regulations of past decades.
I recommend that banding be continued and expanded 
as the major method for monitoring harvest, estimating 
survival rates, and better defining wood duck reference 
areas. A larger banding effort is especially needed in 
reference areas of the south, in several Canadian pro­
vinces, and in numerous states along the Atlantic Coast.
In order to minimize the marking of transient birds, pre­
hunting season banding should be restricted to May 1 
through August 31 in northern states and May 1 through 
September 30 in southern states. The importance of ade­
quate and consistent banding cannot be over-emphasized. A 
large banding effort in one year, followed by little 
effort in the next, eliminates data from both years for the 
purpose of calculating survival. Also, for maximum useful­
ness, adequate samples of each age and sex must be marked 
annually.
Some of the most valuable forest habitats of the
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wood duck are decreasing at an alarming rate. I strongly 
recommend that state and federal conservation agencies be­
gin identifying remaining bottomland-hardwood areas that 
can be placed permanently under their stewardship either as 
wildlife management areas, wildlife refuges, or national 
recreation areas. These agencies should also closely 
monitor drainage programs proposed or being conducted by 
other state or federal departments to insure that water­
fowl and other wildlife impacts are given consideration 
during initial planning phases.
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F O R E S T  T Y P E S
Elm-Ash-Cottonvood Maple-Beech-Birch Aspen-Birch Oak-Hickory Spruce-Fir Oak-CuB-Cypress
Location Acres Value Acres Value Acres Value Acres Value Acres Value Acres Value
Pennsylvania 252 8.0 3,896 4.0 1,205 5.0 8,611 0.5 0.5 55 10.0
Rhode Island 78 8.0 5.0 27 5.0 314 1.0 . a 1.0 , t 10.0
South Carolina 10.0 . 6.0 7.0 1,989 2.0 3.0 3,097 10.0
Vernont 73 8.0 2,237 5.0 287 5.0 71 1.0 628 1.0 10.0
Virginia 8.0 53 4.0 . . . 4.0 8,763 0.5 0.5 959 10.0
Uest Virginia 611 8.0 2.318 3.0 a < 5.0 7,477 0. 5 27 0.5 148 10.0
Central Flyway 
Texas 80 10.0 6.0 ■ • * 7.0 2,016 2.0 3.0 1,826 10.0
* Forest acreages were derived fro» "Timber Trends ir the United States," U. S. Forest Service, Forest Resource Report No. 17, and ere 
expressed in thousands.
TABLE 43,— Estimating wood duck indices from forest values1
F O R E S T  T Y P E S
Elm-Ash-Cottonwood Maple-Beech-Blrch Aspen-Blrch Oak-Hickory Spruce-Fir Oa k -Gusi-C y p r e s a Population
Location^ Forest Value Forest Value Forest Value Forest Value Forest Value Forest Value Sum
Mississippi Flyvay 
Alabama 940 10,212 22.710 33,862
Arkansas 3,808 ■ * . * - a 3,939 40,770 48,517
Illinois 11.538 70 54 2,232 170 14,062
Indiana 7,536 1,985 228 2,240 1,290 13.279
Iowa 9,752 546 120 1,278 . 11,696
Kentucky 12,064 4,060 3,701 1,370 21,195
Louisiana 6.470 3,534 59,670 69,674
Michigan 9,328 27,840 34,464 2,142 2,559 76,333
Minnesota 20,450 7.343 55,776 2,160 13,665 , . . 99,394
Mississippi 5,110 * * * * , 8,474 a ■ i 34,310 47,894
Missouri 17,432 425 • . * 5,666 a i , 4,100 27,623
Ohio 9,943 3,000 29 2,914 * 539 16,425
Tennessee 2,240 808 « 4,871 6,750 14,669
Wisconsin 14,940 21,091 41,328 5,896 4,911 88,166
Atlantic Flyway 
Connecticut 2,384 550 470 1,375 4,779
Delaware * * * , 38 * , * 960 998
Florida • » 5,006 50,490 55,496
Georgia , « 8,416 51,450 59,856
Maine 2,424 25,560 7,220 275 8,383 ♦ * 43,862
Maryland 192 324 , a 676 2 4,610 5,804
Massachusetts 2,280 2,815 570 1,325 28 7,018
New Hs^ j shire 952 6,505 2,215 603 1,055 11,330
New Jersey 1,024 152 650 419 4 1,650 3,899
New York 6,952 22,080 8,620 945 368 60 39,025
TABLE 43.— Continued
Location^
F O R E 5 T T Y P E S
Elm-Ash-Cottonwood Nsple-Beech-Birch Aspen-Blrch Oak-Hickory Spruce-Fir Oak-Cum-Cypress Population Index
Forest Value Forest Value Forest Value Forest Value Forest Value Forest Value Sum
North Carolina 1,004 2,828 8 33,430 37,270
Pennsylvania 2,016 15,584 6,025 4,305 2 550 28,482
Rhode Island 624 135 314 . ♦ 1,073
South Carolina * 3,978 30,970 34,948
Vermont 584 11,185 1.435 71 628 • ■ » 13,903
Virginia 212 4,381 9,590 14,183
West Virginia 4.888 7,014 . 3,738 14 1,480 17,134
Central Flyway
Texas 800 • • ■ 4,032 . . . 18,260 23,092
^Forest value* are the product of acres (x)vood-duck value* in Appendix Table 42.
2Canadian forest values were estimated as [63 million acres(x) a value of 2.0], which equals to a population index of 126 thousand.
TABLE 44-— Wood duck harvest data used in determining an adjusted harvest for immatures and adults (see 
text for procedures)-*-
Distribution of Harvest (X
Immatures Adults Immatures Adults





Connecticut 0.4 0.5 0.4 0.4 0.3 0.2 1,641 1,752 873 582
Delaware T 0.3 0.2 0.1 0.4 0.2 291 855 223 767
Florida 3.5 5.6 5.6 4.1 8.4 8.3 13,126 21,100 9,352 19,191
Georgia 2.4 4.8 4.9 3.1 8.3 9.4 9,194 18,388 7,097 20,299
Maine 0.7 1.4 3.4 0.9 0.7 1.8 2,829 9,122 2,007 2,990
Maryland 0.2 0.1 0.2 0.2 0.2 0.2 819 624 446 492
Massachusetts 0.8 1.2 0.4 0.8 1.6 0.8 3,171 3,079 1,962 2,734
New Hampshire 0.6 1.9 0.8 0.6 1.2 0.6 2,288 5,515 1,325 2,166
New Jersey 1.0 1.5 0.8 1.4 1.5 0.8 3,909 4,372 2,484 2,648
New York 4.7 3.3 3.0 3.3 3.2 3.2 17,698 11,818 7,560 7,486
North Carolina 3.2 3.9 3.9 3.4 4.5 4.1 11,950 14,808 9,028 9,922
Pennsylvania 3.4 2.8 3.2 2.6 2.3 2.5 12,892 11,457 5,914 5,577
Rhode Island T T T T T T 87 644 74 25
South Carolina 3.8 5.8 5.2 5.2 7.3 6.3 14,261 20,843 11,854 15,652
Vermont 0.6 1.2 0.9 0.4 0.8 0.8 2,460 4,209 1,053 1,850
Virginia 0.9 1.0 1.1 1.0 0.6 0.6 3,400 3,956 2,250 1,333
West Virginia 0.2 0.1 0.4 0.2 0.3 0.6 603 1,142 430 1,022
Alabama 1.8 3.3 3.3 2.4 4.5 4.9 6,774 12,490 5,492 10,670
Arkansas 2.8 3.6 3.8 4.7 4.1 4.4 10,822 13,900 10,796 9,723
Illinois 4.0 4.0 2.2 3.7 3.3 1.7 15,197 11,619 8,604 5,800
Indiana 1.0 1.3 0.7 0.9 1.2 0.9 4,142 3,899 2,145 2,433
Iowa 3.7 3.1 2.4 2.5 2.5 1.5 14,067 10,461 5,821 4,546
Kentucky 0.6 0.3 0.4 0.1 0.4 0.6 216 127 170 1,245
Louisiana 10.0 8.6 10.4 12.4 9.8 12.3 38,082 35,949 28,504 25,448
Michigan 3.2 2.9 5.2 3.2 1.7 3.0 12,249 15,376 7,455 5,453
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TABLE 44.— Continued
Distribution of Harvest (%)
Immature s Adults Immatures Adults





Minnesota 11.3 5.2 5.8 8.6 2.3 2.7 42,847 20,778 19,891 5,832
Mississippi 2.4 3.9 4.3 3.6 6.4 6.5 9,156 15,346 8,377 14,908
Missouri 1.4 1.9 1.4 1.3 1.7 1.4 5,313 6,231 2,920 3,567
Ohio 3.6 2.8 1.5 3.2 2.1 1.3 13,681 8,271 7,439 3,961
Tennessee 1.0 0.9 0.9 1.7 1.3 1.5 3,818 3,423 3,901 3,194
Wisconsin 7.2 6.9 8.0 8.1 3.9 5.0 27,288 28,142 18,567 10,291
Texas 2.0 3.9 4.1 2.7 3.8 4.1 7,875 15,050 6,154 9,159
Ontario 15.5 10.4 8.7 11.0 7.5 6.0 58,574 36,088 25,240 15,498
Quebec 2.1 1.7 2.6 1.9 1.7 1.7 8,042 8,120 4,465 3,979
Total 100.0 100.1 100.0 99.8 99,8 99.9 378,762 378,954 229,873 230,443
■*■1 ■ Harvest survey; 2 ■ Population model data; 3 * Forest data.
^Rounded to nearest decimal —  original confutations involved data with five decimal places.
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Table 45.--States requiring a proration of recovery rates based on 
recovery distributions of adjacent state(s)
























*ONLY immature direct recovery rates were prorated.
w- 'V. £-. ■ 1 ;£ E— >
r-a. C C- f? *-+ Z* * t-a- O IT-IC. -I o o * LJ lf> C O 7~
TC- a* r> n( rl Lr 13Lfl •• rTb: rZJ'ri ► - •J. ft k<uiC:o »•. fl. VI U1►- r. cn
li • fu Q> If VI b *• feCi '1■ 1 n.pi •M :ib 01
&* Ftl
tr rj fc &) it
/ J. o 30TJr -m* ;<n u L£i-ii; r * ̂<TV <TST rr-TitiTL Cl -r ►-U h-k'O p -€ r C liV -Tif-t- u *■ i- Cl V< f P-r*b Cln rT. JLn :j r r̂ f Vi13CL h. s :. „X k -r « Vi o b ft.IT LWb c Ci■Tb b B>  ̂’;jr f 'F,u 3 c l/i fj*1 '1 IJ ► a* -► - u rt ELb.V '1 rV>-T>(1rl</> n t' hi 1 ] k' r-i ■/IT.VI u-'Pz Vi L> bn ru: i d *
-i L b \. '»it b i/f
O ■
g .
o o o o o o o o -  * * ■ ■ * ...........* ...........O O O O t
o o o o o o o o *  * - ■ * ...........* .............o o o o oo o o o o o o o  O C o oO  &  &  c> ^  l-J ' ‘ * - ...................  ' ► ■ ' 0 ^ 0  N  S'y i H - 4 C O W K ) H i , j  j- -j o  u-f J ̂  OD w ^ Oc CD
o o o o o
o o o o oS O O O MPO o K1 ►—^  ^  S'- 00(7> w O'
o o
o o o o 
<p or-j £r O' ̂
o o O o C «-N
oo
o o o o oO O O KJ Ofj fo O  00
t-j t-j Ui W T ̂  O’
O O O O O O O O O '  ‘ 4 ■ ■   * ■ ■ ■ o o o o o o o
S O Q Q O O Q O O *  * * - - ‘ * ■ * ............. O O O O O Q O0 0 0 0 ^ - 0 0 0  oooo»-ooOOvT'O^OO^f-*......* * .......... OOK^OO^Q
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Connec t  ic u t 0.02887 0.00063 * , a
Ma ine 0.00063 0.02572 0.00125
Massachusetts 0.00094 0.00188 0. 02321 0.00188
Verson t 0.03453
West V ir g in ia f
Pennsylvan ia 0.00094 4 * . 0.00188
Rhode Is la n d . .
Delaware 0.0012 5 0.00068 0.00063
Maryland 0.00031 0.00125 0.00063
New Hampshire 0.00031 0.00063 0.00063
New Jersey 0.00012 0.00314 0.00251
New York 0.00157 0.00188 0.00314
Ontar io
Quebec 0.00012 0.00125 * 0.00314
Alabama 0.00094 0.00063 0.00188
Ar kansas 4 4 •
Kentuc ky . . . , T 4
Louisiana ■ . . 0.00063 * 4
M is s is s ip p i * , 4 * . *
Tennessee 0.00031 * 0.00063
Texas
F lo r id a 0.00447 0.00439 0.00580 0.00314
Georgia 0.00575 0.007 53 0.00774 0.00377
N orth  C a ro lin a 0.00609 0.00564 0.00967 0.00251
South C a ro lin a 0.0L194 0.00690 0.01257 0.01130
V trg ln  ia 0.00627 0.00188 0,00125


























































West Virginia . . .
Pennsylvania 0.00095
Rhode Island *
Delaware * . *
Maryland 0.02321 0.00031
New Hampshire . . . 0.03012








Mississippi . . .
Tennessee . . . 0.00031
Texas . . . , * .
Flor ida 0-00324 0.003 76
Georgia 0.00324 0.00565
North Carolina 0.00124 0.00408






















































































































































































South Carolina 0.02 564
Virginia . . .
0.00701
0.01635
Banded May-August, 1950-68 for northern refe r e n c e - a r e a  s t a t e s  a n d  May-Septanber, 1950-68 for southern reference-area states. 209
TABLE 4 7 .— Direct recovery rate matrix utilized for adjusted  simultaneous equation population estimates of immature wood ducks1
RECOVERED
IN: WOOD DUCKS BANDED IN:
Illinois Iowa Minnesota Missour 1 Wisconsin Indiana Michigan Ohio
Illinois 0.02472 0.00455 0 00130 0.00910 0.00291 0.00504 0.00209
Iowa 0.00128 0.02748 0.00621 0.00024 0.00733
Minnesota 0.00015 0.00278 0.02289 * . * 0.01176 * * i
Missouri 0.00589 0.00240 0.00163 0.01600 0.00186 0.00100 . * .
Wisconsin 0,00022 0.01139 0.01340 0.03809 0.00050 0.00628
Indiana 0.00007 0.00012 * * * • * 0.01966 0.00419
Michigan 0.00015 0.00012 , * . 0.00023 0.00151 0.04926 0.00058
Ohio 0.00012 0.00032 0.00023 . . . 0.03580
Connecticut . . . ■ . . . . .
Maine ■ * * , ,
Massachusetts * , * . *
New York * , , . , . .
Ontar io ■ • 0.00023 0.00209 0.00029
Vermont . » .
West Virginia * . * . * • . , 0.00029
Pennsylvania « < • ■ . . , . ,
Rhode Island * • . ■ . . , ■
Alabama 0.00173 0.00101 0. 00130 0.00049 0.00058 0.00302 0.00314 0.00293
Arkansas 0.00529 0.00405 0.00359 0.00541 0.00337 0.00302 0.00419 , ,
Flor Ida 0 . 0 0 0 9 0 0.00088 0.00065 0.00024 0.00023 0,00403 0.00209 0.00587
Georgia 0.00052 0.00050 » . * * - • 0.00023 0.00201 0.00314 0.00587
Kentucky 0.00030 0.00012 * . , * i » * * 0.00100 ■ . 0.00029
Louisiana 0.00945 0.00747 0.00948 0.00787 0.00722 0.00655 0.00733 0.00410
Mississippi 0.00219 0,00405 0.00130 0 . 0 0 2 2 1 0.00232 0.00504 0.00419 0.00322
North Carolina * a . . . , 0.00065 0.00011 0.00050 4 . * 0.00086
South Carolina 0.00015 0.00025 0.00032 * * * 0.00011 0.00050 0,00209 0.00440
Tennessee 0.00068 0.00113 0.00098 0.00073 0.00093 0 . 00100 0.00117
Delaware . . . , . * - * * . * » . p a ■ * « ■
Texas 0.00431 0.00595 0.00686 0.00467 0.00477 0.00201 0.00146
Maryland * * * •
Virginia * Op 00029
New Hampshire * . . * * •
New Jersey , , , * * *






Iowa • * ■
Minnesota . , .
Missouri
Wisconsin * ■ . e
Indiana * a * * ■ ■
Michigan * . . * . .




New York 0.00316 0.00066
Ontario 0.00046 »
Vermont *
West Virginia * , ,
Pennsylvania 0.00121 0.00066





Kentucky . . .
Louisiana 0.00036 ■
Mississippi 0.00036
North Carolina 0.00684 0.00730
South Carolina 0.00696 0.00597
Tennessee 0.00024 0.00066
Delaware 0.00066
Texas 0.00012 ■ * ■
Maryland 0.00012 0.00132
Virginia 0.00085 0.00199
New Hampshire 0.00012 0.00132
New Jersey 0.00183 0.00332
Quebec 0.00449 0.00066








New York Ontar io Vermont West Virginia Pennsylvania
0.00024





0.00047 0.00024 0.004 96 0.00272
« * * - - 0.00099
» , * 0.00048
* • . 0.00024 , t 4
0 . 03 5 97 0.00097 0.00632 0.00107
0.00309 0.05268 0. 00097 4 > » 0.00154
0.00023 » ■ p 0.04012 0.00011
< e < » * 4 0.01092 4 P .
0.00214 0.00195 0.00243 * 0.03597
0.00023 4 4 ■ 4 0.00011
0.00095 0.00292 0.00121 0.00794 0.00444
0.00023 0.00097 0.00099 0.00061
0.00548 0.00195 0.00218 0.00496 0.00548
0.00500 0.00487 0.00291 0.00595 0.00548
■ 0.00099 0.00049
0.00119 0.00195 0.0007 2 0.00297 0.00268
0.00119 0.00195 0.0007 2 0.00297 0.00196
0.00595 0.00292 0.00510 0.00198 0.00397
0.01000 0.00487 0.00705 0.00695 0.00847
0.00047 * 0.00048 0.00023
0.00023 * 4 * 0.00011
* 0.00024 . . .
0.00023 * 0.00024 0.00011
0.00238 0.00097 0.00170 0.00011
0.00047 , * . 0.00024 0.00023
0.00095 0.00195 0.00194 0.00047
0.00071 0.00097 0.00899 0,00035
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AfsLt * * . --Wei^.u I**..: : .i .-: ̂  r ? : ; r  1 "O Ta tu  r <■' . j r .3 .io  ; It u . 'd ij, « " .i - n-'entitie'i :
FHT'P Sin,*: ir.e : 13 F-'UE
5[Jt. A -1 La w I urui t ur r- I mnij t .
111m-. : 11.548 -j , -y 7's - . 1 j : ] * 0 : -J
I .'V.i 11. 3d 3 -.31- I - i. 800
Mi n at 1 ■■; j i 5. 11 i 2-.74 ’ 31 .60-
-MlSSt.-uf 1 6 . 493 9. 166 I ' . -r4 1 1. 0 J 7
■iisconii.-. -.191 7 .926 1 - . - 2 ' 10.03'
1 nJ1 inj 1 5.685 16 . 38 1 1 : . " 11.90':
S 1 - h i 4 J 1-.C2G 32.910 1 ' . ~- - 2. 30 7
.j ri 10 11 .086 9.917 " - ‘J* 4 . l GO
urnne- t its.; - i. Jii 32.209 • V - _ 6 . )3-
Maine 7.113 10.378 I- . * 19.95n
Ma ss-sl‘ ", .st; t s I 6 . 9 _>8 39.02- 1 : . 28.996
Vermont -. 065 3.605 * , ; - " 3.932
West Virginia 6.803 w. 040 3 3 , 3 2-.651
Pennsylvania Hi.272 ill.446 ^.-"5 206.66 3
Knode Is land 3.490 2.927 3.1’3 5. 58 3
Delaware 3. 380 7.805 -*. 63 9 0. 794
Maryland 23,404 13.393 3 0  * 5 3.609
New Hampshire 0.224 8.167 5 s - 33 5.263
New Jerse- 12.195 28.293 20.002
New Yorx 12.606 8.265 ’ " .  ̂5" 8.675
On t a r i j 83.565 110. 7 3- 1 " 66.2-9
Quehe. 15.565 11. 332 ” . ̂  “ 9. 74 2
A in hand 25.478 32.-10 3 0 . * - j 92.06 5
Ar so r: s -a s 2 5. *00 15.994 :'. - 1 . 797
k en t u.j k y 4.303 1.659 ■* . r K 3 0.000
Louis iana -5.588 27.194 3 3, j ; 28.1-2
Mississippi 49.383 33.969 1 r -*. -* 3 - !J.64 7
1m ‘ -'lit £ 'S t iT -d te S u -i -i -•' *  ̂r < r. 1 '"', • t*
t 'test Pnw Sum
Auui; 1 nma E - isiui: Iwnar u
-.69’ H ; n , . 1 2 3. 506
4.316 I.77- 4.8-7 2.379
16.989 1 6 . 5 .“ 17.7.’ 24.313
6.66 i 5 . I1- i 10.308 8.726
9 .058 4.2"' 1 0 . . 50 8.015
4.343 > - 2 4 •- 10.644 10.49}
26. 7 55 59 . 7 ’ 1 2 0.- 24 37.765
-.552 2. -*■ ■ 7 . 780 5.495
2 5.60- 19.1-1} 2 3. 206 25.811
!5. 352 16.2 5’ t 3. 38- 15.531
^ ? '.O 6 .0- ’ 11.392 24.956
3. 768 1 - 6 " '. 4 1 24 3.069
23. 312 8 .6 '- 20.C-6 12.4 50
100. 64 3 8 5. 7a - 70.463 135.299
1.873 1 .0-' 2.84 5 3.186
0.676 0.97- 2.918 3.191
12. 349 8.65' 14.756 8.546
3.727 2.051 5. 794 5.160
2.642 3.60- 9.660 17.366
12.299 4 . 80-5 1-. 354 7-183
61.84j 56.-9’ 63.205 77.82'
16.079 1 - . «5 - 13.187 11.921
30.912 3 5.6-5 44.05“
33.391 1 1 . 2-^ 28. 23? 9.679
7 . 560 2.19’ 5. 568 1 .285
102,462 -3.C4; 66. 127 32.799
53.753 28.5-. 0 5.05 3 32.053
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FHMl’P Sinn]tjnfous Equat:
State Ad „ i' I mba ru r i
Tennessee A , 66i 2.281
Texas 23. 529 17. 105
Florida 29.254 492.611
Georgia Id.627 260.000
North Carolina 93.450 92. 282
South Carolina 13.320 18.154
Virginia 52.632 27,174
Adult Immature
0. 000 0. 396
26. 631 10. 379
45..198 255. 699
86. 581 *62..980
180. 827 154. 069




5. 260 1 . 521
33..959 14. I ’l T 4 ■ *■
27..058 273..3 79
29.. 184 2 39..424
87 .079 62..53-
11 .638 9..06 3
■ H ,.64 7 38.. 541
3. 307 1. 399
28 .040 13,.986
33..8 37 340. 563
44 .131 320. 801
123..122 102. 961
9..800 14..466
51,, 223 52. 940
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F.XAMPLF : . — Est iiadt ir.s - ’od : j . >  pep .iat; <r. densities by simultaneous equations
ill ven t he t )1 loui r.g :
11) Three states with jr.knewr. p. p.-all in densities, populations x, v, i.
Total wooo dgcx narvest wit.-.:* each slate determined from harvest survevs .ind wing ".'lie' t;. r. surveys 
x - 189,100 . • 83,000 z * 8C.-00
(3j direct recover, rates within anc between each state as determined from summer banding and hunter recoveries 
x t: x ■ 0,3'C x to v * 0.020 x to z *  0.010
v to x * 0.0-v v to v * 0,060 v to z « G.03C-
z tv x * 0.000 z to v - 0.020 z to z * 0.080
(4J Reporting rates for each state, x * 3.300 y * 0,320 i ■ 0.130, provided by 0. i. Fish and wildlife Service 
(3/ Harvest rates .alcuiated oy dividing direct recovery rates by the appropriate reporting rates 
» tj x ■ 0.213 x to v ■ 0.06] x to z ■ 0.021
y to x - 0.13) y to y ■ 0.188 y to z - 0.086
I to x - O.OOu z to v ■ 0.063 z to z - 0.22°
Then:
Formulate simultaneous equations with as many equations and unknowns as there are states
Q. 2 3 3(x) + 0.133(y 1 + 0.000(z) ■ 189,700 wood ducks harvested
0.063(x) + 0.188(y) + 0.063(i) ■ 88,000 wood ducks harvested
















x * 700,000 wood ducks y = 2 10,000 wood ducks z * 100,000 wood ducks
l. -- , s i - , c  w e i g h t e d  p a n d  r e c o v e r e i s  :> i n d i c a t e  b r e e d i n g  a r e a  d e r i . a t i o n  a n d  d i s t r i b u t i o n  o f  h a r v e s t  h y p o  t h e  1 it a 1 d a t a )
birds Pec j v e r e d  in Louisiana (derivation of harvest i :  T Birds Banded in Lake States Reference Area (distribution of harvest)b*
So. of Weighting Weighted Trigin of ; * No. of Recoveries trng Weighting factor Weighted
breeding Recoveries Factor Recovery Harvest 1 - (A) (B) (Cl (D) (E) (F) Recoveries Distribution
Area: ‘ A}  ( Bt  i A X B f i r  ) 11 £  £  Michigan Ohio Indiana Mlrhigan Ohio Indiina (AD) + i BE i+CF' of harvest (4‘
Northeastern 












































































TABLE 50.— Reference area survival rates and direct recovery rates used in determining banding quotas^
Adult Male Adult Fatale Imnature Male Iimature Fatale
Reference Survival Recovery Survival Recovery Survival Recovery’ Survival Recovery'
Area Rate Rate Rate Rate Rate Rate Rate Rate
North Central 0.538 0.0531 0.464 0.0474 0.414 0.0726 0.448 0.0665
Lake States 0.517 0.0519 0.509 0.0460 0.394 0.0785 0.432 0.0599
Southern 0.582 0.0357 0.540 0.0258 0.547 0,0465 0.600 0.0250
h'.Y.-E.Canada 0.485 0.0659 0.460 0.0620 0.340 0.0914 0.327 0.0767
Northeastern 0.518 0.0666 0,451 0.0568 0.378 0.0827 0.315 0.0718
Southeastern^ 0.536 0.04 36 0.500 0.0297 0.500 0.0493 0.500 0.0258
1Survival estimates are geometric averages derived from composite, selected-recent survival calculations.
2A survival rate of 0,500 was assayed for adult females, immature males, and iirmature fatales.










Year Banded No. Banded 1961 1963 1969 L9b5 1966 1967 1968 1969
1963 1016 9 7 93 15 16 2 0 1 1
1963 1568 0 116 27 31 17 0 i 2
1969 99 3 0 0 2 3 12 11 3 i 2
1963 978 0 0 0 55 95 6 6 9
1966 1099 0 0 0 0 79 22 15 10
1967 576 0 0 0 0 0 37 1- 7
1968 391 0 0 0 0 0 0 12 19
Coded as follows: 
0, £1
Coding Form for Seber' (1970) Method of Estimating 
Survival and Reporting Probabitties
j n i r i L T T U T i i i i T i i r i i i r r T
r7 8 1962 e














i i i "T n  !
116: 27
j—x i i i *
21 17A i i. 2! 11 2i i i j i i i : j j i l i 1 i i i i  i i i i i25i l t 12 i i 11i i i 3 1 1i i . j i j i 2j i i i i i i Recoi l i /enesf for £!ach
! .................................. |
i= ■ .f? s>ii i r  i i i j i i ai j mded Year ■ i
j——  ■ 27=
=  ~___■ ~------1ill J P i i i 1 i i. =J i u & ,,7 j i i i r - r  ■*.........................t ■ ■ * i1
===== 1? 19.' !1. 4- r ■ 1 J _j_ -L i l i 1 1 1 1 | 1 i ,i 1 1. i 1 * J i i i i i i . j .
-1 i 1 -L U  1 J 1 I I I i 1 J-L- i i j i i j : ■ i i i I
Number Banded Each Year
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EXAMPLE 4.— Coding immature wood duck banding and recovery data for survival estimates
Given the recovery data for 





banded in Wisconsin during 1962-68, the following 
in conjunction with adult information from Example
Recovered In
3:
1962 1963 1964 1965 1966 1967 1968 1969
IM 1962 355 26 8 6 1 0 3 0 0
AM 1963 1586 — 116 27 21 17 2 1 2
Coding and solving the above data will give an estimate of the 1962 survival rate
IM 1963 790 __ 66 11 10 8 3 0 0
AM 1964 493 - — 25 12 11 3 1 2
Coding and solving the above data will give an estimate of the 1963 survival rate
1962 coded as follows:
Coding Form for Seber^ 0970) Method of Estimating 
Survival and Reporting Probabilities
-------------------------- ----------------
I '  H U  [ T I T T T 1 1
11 1 i X I 1 i i
2 e1
. 1 9 6 2 1
' b k
i  i i
8 6 1 0
L I i
1 7
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1 i- 
















LAA*PL£ —  Determining adult numbers in be banded when survival rates and direct recovery rates are known, and a i_oef i it ient of
variation between 10 and 20 percent is desired for the survival statistic
Lata far Adult Females of the Southern Reference Area:
Survival rate from Table SO * 0. jS O
Direct recovery rate from Table SO - O,r2S0 
X, number to be banded
Let X * 2,200 and then construct a table of recoveries utilizing the known survival rate and direct recovery rate figures. 
Computations for banding year 1960 are as follows:
No. alive Survival No. alive Survival No. alive No. alive
in I960 X Rate equals to in 1961 X Rate equals to in 1962  in 1965
2.200 0.540 1,188 0.540 641 101
After repeating this procedure for each banding year, determine the numbers recovered for each year after banding as follows:
No. alive Direct recovery No. recovered
in 1960 X_______rate_______  equals to in 1960________
2.200 0.0258 57
No. alive Direct recovery No. of 1960 banded birds
in 1961 X rate_______  equals to recovered In 1961
1,188 0.0258 
Data are then summarized in the following 
Year Banded No. Banded 1960
tabular farm and Recoveries
1961 1962
31




as shown In Example 3 : 
Survival estimate Coeff. of
1960 2,200 57 31 16 9 5 3 54.2 15.2
1961 2,200 — 57 31 16 9 5 53.9 14. 7
1962 2,200 — — 57 31 16 9 57.4 15.2
1963 2,200 — — — 57 31 16 55.9 16.5
1964 2,200 — — — 57 31 58.4 20.4
1965 2,200 — -- __ 57 — --
224
EX.VfFLr, *~. - - D e t e r  j.imr.g i m m a t u r e  n u m b e r s  u  at b a n d e d  w h e n  s u r v i v a l  r a t e s  a n d  d i r e i t  ret. o v e r  v r a t e s  a r e  k n o w n ,  a n d  a c o e f f i c i e n t  ’f
v a r i a t i o n  b e t w e e n  10 a n d  2 0  p e r . e n t  is d e s i r e d  f o r  t h e  s u r v i v a l  s t a t i s t i c
Data ftr Immature Females of the Southern Seferen e irea: 
Survival rate from Table Si * 0.t-"0 
Direct recovery rate from Table 3' * 0.'25.
Banding and recovery data for adult females from Example ' 
X, number of imaatures to be banded
Let X * 2,200 and then construct a table of recoveries utilizing the known survival rate and direct recovery rate figures for t t m a t u r e a .  
Computations for banding year I960 are as follows:
Mo. alive Survival So. alive Survival
in I960 X rate equals to in 1961 X rate
1,320 0.600
No. a 11 ve 




2,200 0.600 0.6 0  171
















No. of 1960 banded birds
recovered in 1961_______
33
Data are summarized in the following tabular fora and coded for survival estimates using adult female data from Example 5 and coding 








1962 1963 1964 1965
Immature survival 
e s t i m a t e
Coefficient 
of variation
IF 1960 2,200 55 33 19 12 7 <4 62.8 14,8
rtF 1961 2,200 -- 31 16 9 5





TABl-t - --Res.', ts -; : n t  “. a x i - u n  P i s p r o v e f i e n t  T e c h n i q u e  rjy a g e - s e x  c l a s s e s  in t h e  N o r t h  C e n t r a l  - : er e n c e  A r e a ,  1 9 6 2 - 6 8 ^
combi nat ions
ADULT MALES








































- C ^ n t  LT.at J
c o n t i n u e  1 u n s
Best 3 ’-anabies xl, x 3 , 
x4 cr x2 , x 3, x4









Mean ( i n t e r c e p t )*3
x2x**



























TABLE s: --L - nt lUed
Conn m a t  U  ns DF‘
ADl'LT FEMALES





































TAiiLE i . --Continued
Cone,mat i c e s DF̂ MeanSqua res
3est 3 variables x2, x3. *- 





0 ,0 0 0 * 5 ;:
0.00004 3
source
Mean ( intercept i
x3
xlx2













































TABLE si . j : r :
Comb ina t i.;cs
IMMATURE :'-iLLS
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(j ^  i-ifci <f fc-r
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- - C o n t  l r . « :
 ̂ Mean
lonbinitU'na OF1- Squares






Mean fir, ter re-:*2
xl
X-
Best 4 variable* xl. xl, 
x3. x4
Source






















. u m b  i n a t  i  i 'Tis OF*
' l e a nIrf Tr
So e








1. OOOna0 0. 29
0.00006b ■>. 00177 7 2. 37
0.00004 0 -0.01457 T *2.31
0.000113 -0.03111b -2.24
^ - d e g r e s s i o n  o f  t h e  a t  per .  l e n t  v a r i a b l e  v ( d i r e t :  : t . : - t r v  r a t e )  o n  i n d e p e n d e n t  v a r i a b l e s  x l  ( a v e r a g e  total h u n t i n g  J a y s  i n  a r e f e r e n c e
a r e a j ,  x 2 ( t o t a l  h u n t i n g  l a v s  i n  r ' l y w a y ) ,  x j f t a t a !  O l i v i e r  n u n c i n g  d a y s ) ,  a n d  x& ( a v e r a g e  d u c k  b a s t - . i z i t  ■: r s t a t e s  i n  t h e  f l y w a y )  a s  shown 
i n  Table 34.
2D e g r e s s  o f  f r e e d o m  a r e  r e p r e s e n t e d  b y  OF.  
^ D e p i c t s  t h e  p a r t i a l  s u m s o f  s q u a r e s .






TABLE 52 .— Comparison of direct recovery rates and regulation variables for wood ducks banded in
Illinois, Minnesota, Wisconsin, and Vermont
Location Direc t Regulation Variables^and Recoverv
Age - Sex Year Rate XI X2 X3 X4 X5
Minnesota
Adult Males 1962 .0275 25 350 19 2.0 —
1963 .0849 35 481 27 4.0 —
1964 .0491 40 548 29 4 .0 —
1963 .0494 40 552 23 4 .0 —
1966 .0692 45 622 24 4 .0 —
1967 .04 37 40 553 25 4.0 —
1968 .0378 27 400 15 3.0 —
Wisconsin
Adult Males 1959 .0699 50 615 25 3.5 1.0
1960 .0551 50 606 25 3.5 1.0
1961 .0363 30 397 18 2.5 1.0
1962 .0472 25 350 19 2.0 2.0
1963 .0740 35 481 27 4.0 2.0
1964 .0507 40 548 22 4.0 2.0
1965 .0562 40 552 23 4 .0 2.0
1966 .0722 45 622 24 4 .0 2.0
1967 .0642 40 553 25 4 .0 1.2











TABLE 52 .— Continued
Location Direct
and Recovery



























Xi X2 X3 X4 X5
Same variables for Adult Males 1959-1968
Same variables for Adult Males 1959-1968
60 990 22 4.0 1.0
70 1174 22 4.0 1.0
60 997 22 4.0 1.0
50 798 25 3.5 1.9
40 732 18 2.5 1.9
45 795 17 3.5 2.0
50 795 22 3.5 2.0
50 786 16 3.5 2.0
55 875 24 3.5 2.0










XI X2 X3 X4 X5
Immature Males 1950 .0704 40 640 12 4.0 0.9
1951 .1244 45 737 20 4.0 1.0
1952 .0900 55 924 25 4-0 1.0
1953 .1304 55 978 27 4.0 1.0
1954 .0850 60 990 22 4-0 1.0
1955 .1026 70 1188 27 4.0 1.0
1956 .1232 70 1190 27 4*0 1.0
1957 .0643 70 1174 22 4.0 1.0
1958 .1534 60 997 22 4.0 1.0
1959 .1354 60 912 22 3.5 1.9
1960 .0839 50 798 25 3.5 1.9
1961 .0622 40 732 18 2.5 1.9
1962 .0909 40 769 20 2.5 2.0
1963 .0682 45 795 17 3.5 2.0
1964 .0693 50 795 22 3.5 2.0
1965 .0890 50 786 16 3.5 2.0
1966 .1306 55 875 24 3.5 2.0
1967 .1236 45 786 25 3.5 2.0
1968 .0868 50 751 20 3.5 2.0




































Same variables as Immature Males 1950-68
Illinois
Immature Males 1960 .04 70 40 606 4 3.5 1.0
1962 .0506 25 350 6 2.0 2.0
1963 .0726 35 481 0 4.0 2.0
1964 .0584 40 548 1 4.0 2.0
1965 .0534 40 552 2 4.0 2.0
1966 .0785 45 622 10 4.0 2.0
1967 .0551 40 553 3 4.0 1.2
1968 .0355 30 400 0 3.0 2.0
-^Regulation variable XI (average total hunting days in the state) , X2 (total hunting days in flyvay)„
X3 (total October hunting day 
limit).
s) X4 (average duck bag-limit for states in flyway), and X5 (wood duck
239













Minnesota-Adult Male 1962-68 










































































i . 16 
-0.51 
0.44






























Wisconsin-Adult Male 1959-68 
























































































































Best 5 Variables XI, X 2 ,































Wisconsin-Itnnature Male 1959-1968 























































































Best 4 Variables, XI. X2,
X4, X5
Source




























Best 5 Variables XI. X2. 




































'Wisconsin Immature Female 
1959-1968















































































Best 4 Variables XI, X2, 






























Best 5 Variables XI, X2, 














































Vermont Adult Males 1954-67 

























































































































Best 5 Variables XI, X2, 

































0 . 0 2
Vermont-Immature Males 1950 











































































1 , 0 1
-0.71

























Combinations DF^ Snuares Test
X2
XI
Best 5 Variables XI. X2,
X3. X4. X5_____________
Source










Vermont-Immature Females 1950-68 























































































































6 .0 1 ** 0.667 253




























2 .8 6 *
-2.46*
-1.85
Best 5 Variables XI, X2,































Illinois Immature Males 1960-68 
Best 1 Variable X4
Source
Regression 1 






































































TABLE 53. "-Cont inued
Comb inations












Best 5 Variables, XI, X2,



















































Mean F Partial^ B T
Comb 1nat ions DF^ Squares Test SS Values Test4
X2 0.000028 0.000322 1.50
X5 0.000076 0.012691 1.34
^Regression of the dependent variable Y (direct recovery rate) on independent variables X^ (average
total hunting days in the state), X 2 ('total hunting days in flyway), X3 (total October hunting days),
X4  (average duck bag-limit for states in flyway), and X5 (wood duck limit) as shown in Table 52.
^Degrees of freedom.
-^Depicts the partial sums of squares.
4T test for H0: B=0 Ha: B * 0 .
*p i 0.05 
**p S 0 . 0 1
257
APPENDIX D 
Wood Duck Banding and Recovery Data
258
TABLE 54.— Number of wood ducks banded during any banding period, 1950-69 (only normal wild birds were 
tabulated)
Banded In
N U M B E R S B A N D E D1
AM AF IM IF LM LF LU UM UF UU TOTAL
Alabama 1,249 1 , 1 1 1 1,347 1,047 470 445 154 151 183 1 6,158
Arkansas 2,817 1,934 1,206 1,019 1 1 7 6 130 93 2 7,225
British Columbia 1 1 2 0 17 17 1 1 19 3 0 1 0 99
California 15 2 1 7 1 0 1 0 0 1 1 0 56
Colorado 1 1 0 0 0 0 0 1 0 0 3
Connect icut 146 1 1 0 179 161 73 62 103 0 1 1 836
Delaware 69 63 43 40 14 13 0 19 1 2 1 274
Florida 1,199 876 182 160 17 18 4 44 44 0 2,544
Georgia 1,651 1,199 472 463 35 24 76 36 63 5 4,024
Idaho 1 1 2 4 0 0 0 0 0 0 8
Illinois 2,645 3,712 10,463 9,050 1,229 1,137 160 64 470 78 29,008
Indiana 2,204 1,472 2,573 2,288 622 417 325 0 48 29 9,978
Iowa 1,733 1,232 6,440 5,546 1,643 1,802 138 19 89 9 18,651
Kansas 35 28 104 64 0 0 0 2 3 0 236
Kentucky 502 265 203 279 167 175 2 2 0 19 13 7 1,850
Louisiana 693 632 1,089 1,145 205 185 1 0 1 546 450 3 5,049
Maine 1,920 680 1,544 1,227 493 459 38 7 7 83 6,458
Manitoba 304 9 19 15 0 0 0 0 0 0 347
Maryland 1,149 1,275 2,292 1,921 272 270 42 6 5 30 7,262
Massachusetts 690 1,130 594 525 389 385 34 36 15 5 3,803
Michigan 2,573 722 1,338 1,014 852 744 198 30 1 2 29 7,512
Minnesota 5,281 1,702 4,037 3,347 406 444 2 1 3 15 8 15,264
Mississippi 1,781 1,612 1,344 1,224 186 190 45 560 439 5 7,386
Missouri 2,532 2,762 3,312 2,789 625 675 558 135 131 14 13,533
Montana 3 0 0 1 0 0 0 0 0 0 4
259
TABLE 54.— Continued
N U M B E R S B A N D E D1
Banded In AM AF IM IF LM LF LU UM UF uu TOTAL
Nebraska 0 1 0 0 0 0 0 0 0 0 1
Nevada 2 3 9 8 0 0 0 0 0 0 22
New Brunswick 302 74 116 100 110 129 1 0 1 2 835
New Hampshire 60 106 156 124 27 22 0 0 0 2 497
New Jersey 508 155 182 99 1 0 6 1 2 0 954
New Mexico 0 0 1 0 0 0 0 0 0 0 1
New York 2,439 1,631 5,429 4,727 218 255 47 113 141 17 15,017
North Carolina 484 580 375 401 130 92 60 175 134 3 2,434
North Dakota 123 9 46 40 0 0 0 0 0 0 218
Nova Scotia 38 3 3 3 0 2 0 0 0 0 49
Ohio 2,113 2,825 4,331 3,769 1,498 1,582 802 113 413 129 17,575
Oklahoma 23 19 0 0 0 0 0 1 0 0 43
Ontario 1,654 465 1,229 1,022 138 80 27 5 5 2 4,627
Oregon 270 1,245 1,234 1,146 8 4 0 17 30 0 3,954
Pennsylvania 
Prince Edward
154 238 220 215 11 12 22 2 6 0 880
Island 19 2 2 0 0 0 0 0 0 0 23
Quebec 164 47 73 50 14 13 0 1 0 1 363
Rhode Island 126 589 158 114 4 1 0 3 2 0 997
Saskatchewan 2 0 1 0 0 0 0 0 0 0 3
South Carolina 2,531 1,675 2,374 1,647 61 40 119 71 110 2 8,630
South Dakota 29 6 1 1 0 1 0 0 0 0 38
Tennessee 2,880 2,289 6,429 6,312 238 294 24 381 371 36 19,254
Texas 24 14 0 0 0 0 0 22 16 1 77
Utah 0 0 1 0 0 0 0 0 0 0 1
Vermont 2,559 1,585 4,708 4,639 383 428 16 1 1 5 14,325
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TABLE 34 ■— Continued
Banded In
N U M B E R S B A N D E D1
AM AF IM IF LM LF LLT UM UF UU TOTAL
\irginia 372 300 2 0 1 191 0 1 0 6 1 0 1 1,082
Washington 166 127 165 133 1 1 6 1 0 1 2 1 1 2 64 3
West Virginia 817 632 1,092 1,096 346 333 4 7 8 1 4,336
Wisconsin 8,600 2,425 8,676 7,277 478 453 184 41 48 1 2 28,194
Wyoming 0 0 0 0 0 0 0 0 1 0 1
Total 57,663 39,614 76,019 66,470 11,397 11,219 3,548 2,781 3,405 526 272,642
^A (Adult), I (Immature), U (Unknown), M (Male), F (Female).
TABLE 53.— All hunting season recoveries of normal wild wood ducks banded May-August, 1950-68
State or 
Province
1I l i M B E R B A N D E D1
All Hunting 
Season RecoveriesAM AF IM IF UM UF uu Total
Alabama 244 299 1,237 1 , 0 1 0 0 0 1 2,791 175
Arkansas 27 2 1 37 42 0 0 0 127 7
Connecticut 98 75 162 142 0 1 1 479 43
Delaware 18 37 40 32 0 0 0 127 18
Florida 41 33 124 118 0 0 0 316 15
Georgia 31 44 131 1 0 0 'yt- 4 3 315 14
Illinois 1,433 2,493 8,198 7,348 5 77 69 19,623 1,833
Indiana 759 450 1,650 1,127 0 7 5 3,998 359
Iowa 968 591 5,813 5,449 4 17 1 2 12,854 1,521
Kentucky 28 32 454 470 0 1 1 986 39
Louisiana 248 328 817 843 0 5 1 2,242 157
Maine 1,151 461 1,319 1,158 5 6 7 4,107 571
Maryland 1 2 2 194 365 298 0 2 0 981 79
Massachusetts 238 814 967 931 1 2 18 2,971 325
Michigan 1,273 344 1,368 1,126 2 1 3 25 4,160 495
Minnesota 2,950 659 2 , 1 2 2 1,822 0 1 4 7,558 820
Mississippi 251 407 705 728 1 5 0 2,097 1 1 1
Missouri 1,313 1,626 2,769 2,526 0 0 1 1 8,245 737
New Hampshire 13 91 75 48 0 0 1 228 13
New Jersey 1 1 1 0 4 0 1 0 17 5
New York 1,042 514 2,538 2,219 42 39 6 6,400 747
North Carolina 82 252 457 389 27 23 1 1,231 79
Ohio 601 1,529 3,765 3,596 50 69 63 9,673 848
Ontario 6 6 8 179 713 532 3 2 2 2,099 263
Pennsylvania 34 8 6 137 1 0 0 0 0 0 357 36
Quebec 55 9 46 24 0 0 0 134 2 0
Rhode Island 6 538 30 31 2 1 0 608 45
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TABLE 5 5.— Continued
State or 
Province
N U M B E R B A N D E D 1
All Hunting 
Season RecoveriesAM AF IM IF UM UF UU Total
South Carolina 729 558 1,042 706 37 63 1 3,136 264
Tennessee 8 6 6 833 3,969 3,946 82 61 26 9,783 759
Texas 3 8 0 0 2 1 14 1 47 3
Vermont 754 961 2,483 2,548 0 0 0 6,746 820
Virginia 51 71 170 170 1 5 0 468 32
West Virginia 163 261 843 842 0 0 0 2,109 203
Wisconsin 4,235 1,065 5,332 4,335 135 137 5 15,244 1,748
Total 20,496 15,864 49,888 44,760 439 546 264 132,257 13,204
(Adult, I (Immature), U (Unknown), M (Male), F (Female).
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TABLE 56.— Number of wood ducks banded May-September, 1950-63, irregardless of status at time of banding
N U M B E R  B A N D E D 1
State or 
Province AM AF IM IF UM UF UU Total
Alabama 591 513 1,540 1,269 0 0 1 3,914
Arkansas 80 76 104 103 0 0 1 364
Connecticut 116 85 208 178 0 1 1 589
Delaware 32 43 50 42 0 0 1 168
Florida 59 40 150 149 0 0 0 398
Georgia 82 73 2 0 2 156 3 9 4 529
Illinois 2,169 3,115 10,354 9,051 24 274 79 25,066
Indiana 1,768 1,155 2,671 2,163 0 1 1 23 7,791
Iowa 1,555 1,075 7,807 7,053 19 90 1 2 17,611
Kentucky 1 2 0 8 8 542 624 0 1 1 1,376
Louisiana 310 375 991 1,055 1 1 23 1 2,766
Maine 1,828 580 2,013 1,674 6 7 84 6,192
Maryland 197 280 621 498 0 2 0 1,598
Massachusetts 496 998 1,234 1 , 1 8 0 36 15 18 3,977
Michigan 2,223 635 1,975 1,588 30 8 29 6,488
Minnesota 4,665 1,366 3,869 3,095 2 1 2 1 0 13,019
Mississippi 358 533 998 974 83 76 0 3,022
Missouri 1,946 2,266 3,373 3,089 60 59 1 2 10,805
New Hampshire 60 106 192 156 0 0 2 516
New Jersey 128 51 59 59 1 2 0 300
New York 2,025 1,270 4,836 4,255 56 75 8 12,525
North Carolina 144 302 512 478 28 23 2 1,489
Ohio 1,405 2,208 5,576 5,104 92 303 129 14,817
Ontario 1,353 394 1,132 8 8 8 5 5 3 3,780
Pennsylvania 1 0 2 181 215 182 0 0 0 680
Quebec 1 2 1 19 65 37 1 0 1 244





N U M B E R B A N D E D1
AM AF IM IF UM UF UU Total
South Carolina 1,883 1,157 2,359 1,681 45 80 2 7,207
Tennessee 1,439 1, 355 5,073 5,146 226 235 47 13,521
Texas 3 8 0 0 2 2 16 1 50
Vermont 2,376 1,532 4,810 4,794 1 1 4 13,518
Virginia 79 1 1 1 239 231 3 6 1 670
West Virginia 321 414 1,327 1,332 0 0 1 3,395
Wisconsin 7,587 2,289 8,527 7,122 162 163 9 25,859
Total 37,648 25,243 73,707 65,476 918 1,499 487 204,978
^A (Adult), I (Immature), U (Unknown), M (Hale), F (Female).
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TA8_i. ' ' . --jirec c and indirect rev -«r es 1 ,u rr-i 1 w :Id wood jjrics nan Jed la . -Se p t efihf r , luyo-68,, and later m e t  nr t .:und dead
Sanded Hire c t 8 e i ,cr,i s* Aii Serov erits Number Banded
i " AM AF I M If T m  A i AM AF I M I F Tota 1 AM AF IM ir Total
Alabama >2 i: -8 17 104 -8 23 90 23 184 588 511 1.079 334 3,012
Arkansas i i 2 J 8 7 3 H 1 7 75 75 90 94 134
Cunnec c i-at J -i a a 27 12 5 ti 9 42 101 85 1 33 116 435
Delaware <4 i 4 11 7 3 6 ■4 20 32 42 36 29 139
FI or Ida 1 i T 0 6 5 1 6 1 13 58 38 102 101 299
Georgia 1 0 4 3 8 i 1 8 3 1 5 82 7 3 133 117 -05
111ino is i 21 116 54 9 -27 1,2 33 2 34 >24 9i 3 6- 3 2,016 2,159 3,055 8 ,987 7,865 22,066
Indiana 79 38 124 82 326 179 75 226 149 629 1,768 1,155 2,158 1,871 6,952
Iowa 8- a j 498 375 1,0-0 166 117 '64 59» 1 ,64 5 1,52- L ,066 6,116 5.24' 13,953
Kent ucKy 7 l 7 3 18 10 5 1 6 11 i n a. 9 2 66 114 184 456
Louisiana 1- u 42 24 91 24 20 59 175 308 372 765 853 2,298
Maine 11 a 30 146 110 401 214 -9 205 135 623 1,814 576 1,502 1 ,196 5,088
Maryland a 12 7 32 19 13 32 15 79 196 274 387 285 i , 142
Hsssachuset ts 10 69 37 21 152 66 112 68 46 292 496 980 541 484 2,501
Michigan 126 19 106 56 322 235 52 147 75 509 2,220 633 1,160 84 5 4,858
Minnesota 229 47 231 170 677 4 56 81 365 257 1,159 4,570 1,315 3.407 2,614 11,906
Mississippi 10 10 35 1J 68 21 26 60 30 137 358 533 852 826 2,569
Missouri 88 91 151 107 437 189 168 284 184 825 1.941 2,206 2.721 2,399 9,267
Mew Hampshire 1 2 5 10 20 9 2 10 14 35 60 106 156 124 446
New Jersey- 9 6 1 0 16 1 7 7 - 1 29 128 51 30 33 242
New Yor k 118 68 348 271 805 227 110 531 399 1,267 1,934 1,239 4,552 3,917 11,642
North Carolma 5 S 12 1 3 35 10 11 2- 2 5 70 144 284 280 316 1,024
Ohio 70 98 263 200 631 1-7 iSl 39 ■ 290 1 ,015 1,404 2,204 3,582 3,073 10,263
Ontario 86 23 95 64 268 153 36 129 90 408 1 ,26- 353 970 800 3,387
Pennsylvania 6 9 16 11 41 9 13 i 6 1 5 55 102 181 175 157 615
Quebec 6 3 7 <4 20 1- - 11 A 35 121 19 52 30 222
Khode Island 0 21 5 I 27 1 36 6 5 48 25 548 77 66 716
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i rt - s lit , . r r ;«". ■ All Re. 'v, r- ies Number bundeb
AM ['I - : t j i a :: AF ;m It T.' * .1 * AM A K : M IF r ota i
S j -tr. C*ar_ , irtd Si 266 1 6 1 296 87 3* . 1 ,838 i.lib 2,270 1 .386 b,83q
' enr.ts^f *5 5 L**N _[ ; - -J I 5 i ' i 1 JA 30 -.2 5 > 3 7 ■)>}.* I , * 3 6 1,333 ..823 * ,82 3 12,933
Ttxds r J 0 2 A 0 0 0 n 0 1 0 0 1
V e r cou n t i%7 -08 3t>0 i ,0*9 319 161 538 *93 1 ,3,8 2,293 1 , 393 9,196 9,123 12,011
11 3 13 7 7 18 A* 79 111 188 180 338
We s t Virginia a JO 5 ) 31 1*3 -1 38 9b 83 26 0 33 i U\h 981 999 2,713
**s^r,si;i , 28 7 3 3  ̂l * ; .sot 3b 3 211 1 ,000 ■ao ;, t 7,3 19 2,199 7,913 6,392 29 ,2 38
l . 1 d j 2 , 0 ^ 1,129 2, j, 19b 10,6 51 -,23;.' 1,932 6,73- * , a88 1’ e ̂ _ i 7,08 7 22,638 60,328 32,781 17 3,03*
^A fAuultl, I (Immature), M (Male., 7 ; Female),
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TABLE 58.— Number of normal wild wood ducks banded December-March, 1950-68
State or 
Province
N U M B E R B A N D E D1
AM AF IM IF I'M UF UU Total
Alabama 538 523 0 0 0 3 0 1,064
Arkansas 904 600 0 0 126 84 0 1,714
Connecticut 0 1 0 0 0 0 0 1
Delaware 1 2 8 0 0 0 0 0 2 0
Florida 1 , 0 1 8 774 2 0 9 9 0 1,812
Georgia 1,293 786 30 34 13 19 1 2,176
Illinois 82 58 0 0 18 2 7 0 135
Indiana 4 8 0 0 0 0 0 1 2
Iowa 0 1 14 4 0 0 0 19
Kentucky 141 76 17 1 2 18 1 1 0 275
Louisiana 234 ISO 14 1 0 2 2 2 176 1 807
Maryland 47 35 0 0 3 1 0 8 6
Massachusetts 9 5 0 2 0 0 0 16
Michigan 5 3 0 0 0 0 0 8
Minnesota 2 0 0 0 0 0 0 2
Mississippi 8 8 3 631 23 18 23 17 0 1,595
Missouri 15 16 0 0 2 T 0 35
New Jersey 3 1 0 0 0 0 0 4
New York. 13 7 0 1 3 2 0 26
North Carolina 157 97 55 54 1 2 0 8 6 0 569
Ohio 25 6 3 0 4 9 0 47
Ontario 5 2 0 0 0 0 0 7
Pennsylvania 2 1 0 0 1 0 0 4
Rhode Island 9 4 0 2 0 0 0 15
South Carolina 461 339 2 5 2 2 27 0 856
Tennessee 370 215 1 0 0 52 63 0 710
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TABLE 38.— Continued
N U M B E R  B A N D E D 1
State or
Province AM AF IM IF UM UF UU Total
Texas 24 1 2 0 0 0 0 0 36
Vermont 0 5 0 0 0 1 0 6
Virginia 95 47 1 0 0 0 0 143
West Virginia 140 78 0 0 4 5 0 227
Wisconsin 4 1 0 0 0 0 0 5
Total 6,495 4,490 171 142 640 542 9 12,482
^A (Adult), I (Immature), U (Unknown), M (Male), F (Female).
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APPENDIX E 













































southern red oak 
sugar maple 
swam? white oak





Abies balsamea (L.) Mill.
Tilia americara L.
Fagus grandifoTia Ehrh.





Robin ia pseudoacacia L.
Quercus velutina Lam.
Picea mariana (Mill.) B.S.P.
Juglans nigra L.
fcarpims carol iniana Vfelt.
Acer negundo L.
Quercus macrocarpa Michx.




fraxodliin distichum (L.) Rich.







































Betula papyr if era Marsh. 
Chamaecypar'is tT^bides (L.) B.S.P. 
Pinus strobus L.
Picea glauca (Moench) Voss 
Sallx nigra Marsh. 
Betula~~alleghaniensis Britton 
Liriodendron tulipifera L.
1Frcm Harlow and Harrar (1958).
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